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A.  M.  BUTLEROV  -  AN  OUTSTANDING  RUSSIAN  CHEMIST 


Academician  A.  E.  Arbuzov 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 
pp.  2797-2811,  September,  1961 


One  hundred  years  ago  on  September  19,  1861  (old  calendar)  in  Speyer,  Germany,  a  young  professor  of  chem¬ 
istry  of  Kazan’  University  gave  a  lecture  entitled  "The  chemical  structure  of  substances”  at  a  congress  of  naturalists 
and  doctors.  The  lecture  was  an  outstanding  event  in  the  development  of  theoretical  concepts  of  organic  chemistry 
and  marked  the  beginning  of  a  new  stage  in  chemical  sciences. 

The  theory  of  the  chemical  structure  of  organic  compounds,  whose  basic  principles  were  first  put  forward  by 
A.  M.  Butlerov  at  the  congress  of  naturalists  and  doctors,  gave  a  powerful  impetus  to  the  development  of  organic 
synthesis  and  consequently,  the  development  of  the  organic  chemical  industry. 

It  is  difficult  to  find  any  other  theory  in  the  history  of  the  development  of  chemistry  which  has  had  such  a 
long  and  outstanding  success.  Based  on  a  few  simple  concepts  such  as  the  valence  of  elements  and  the  capacity  of 
carbon  atoms  to  combine  to  form  long  threadlike  or  fantastically  branched  chains,  the  Butlerov  theory  of  chemical 
structure  has  covered  the  whole  multiplicity  of  organic  compounds  for  the  last  hundred  years  and  now  extends  to 
other  elements  in  the  Periodic  Table.  The  whole  of  contempcxary  organic  chemistry  with  more  than  a  million  com¬ 
pounds  synthesized  rests  on  the  Butlerov  theory  of  chemical  structure.  Only  26  years  before  the  establishment  of  the 
theory  of  chemical  structure,  the  outstanding  German  chemist  F.  Wbhler  wrote  to  his  famous  Swedish  teacher,  the 
chemist  J.  Berzelius:  "Right  now  organic  chemistry  can  drive  a  person  insane.  It  reminds  me  of  a  primeval  forest, 
full  of  interesting  things,  monstrous  and  boundless  thickets  from  which  one  cannot  escape  and  into  which  it  is  frighten¬ 
ing  to  step."  A  few  chemists  dared  to  enter  this  jungle  of  cxganic  compounds,  but  none  of  them  could  organize  all 
the  tremendous  accumulation  of  experimental  material  on  organic  chemistry  into  an  orderly  system. 

At  the  beginning  of  the  last  century,  chemistry  was  dominated  by  the  electrochemical  theory  of  Davy  and 
Berzelius.  According  to  Berzelius,  each  chemical  compound  could  be  regarded  as  consisting  of  two  oppositely  charged 
particles  and  in  such  typical  examples  as  alkali  salts  of  strong  acids,  the  negatively  charged  part  or  acid  such  as  SOj 
(Berzelius  considered  as  an  acid  what  we  now  call  an  acid  anhydride)  was  differentiated  from  the  positively  charged 
base  such  as  K2O.  According  to  Berzelius’s  electrochemical  theory,  an  acid  had  to  contain  oxygen,  which  he  con¬ 
sidered  as  the  most  electronegative  element.  However,  as  early  as  1810  Davy  could  not  detect  oxygen  in  the  com¬ 
position  of  halides,  though  halogens  form  true  salts  with  strong  bases. 

The  Berzelius  electrochemical  theory  was  considerably  undermined  by  the  work  of  the  French  chemist  J.  B. 
Dumas,  who  showed  in  1834  that  in  some  organic  compounds,  for  example,  organic  acids  such  as  acetic  acid,  one,  two, 
or  even  three  equivalents  of  electropositive  hydrogen  may  be  replaced  by  one,  two,  or  three  equivalents  of  electro¬ 
negative  chlorine  without  a  considerable  change  in  the  character  of  the  compound.  This  reaction  discovered  by  Dumas 
was  called  metalepsy.  At  the  same  time,  this  reaction  was  used  by  Dumas  as  the  starting  point  for  establishing  the 
so-called  theory  of  types.  It  should  be  noted  that  the  French  chemist  Laurent  challenged  Dumas’  priority  to  the  dis¬ 
covery  of  metalepsy. 

It  is  appropriate  to  mention  here  the  difficulty  with  which  new  facts  and  new  views  were  accepted  in  science 
and  with  what  stubbornness  the  supporters  of  old  concepts,  in  this  case  the  famous  Swedish  chemist  Berzelius,  in¬ 
sisted  on  their  scientific  theories  and  convictions.  Contrary  to  the  evidence,  for  a  long  time  Berzelius  resolutely 
denied  the  similarity  in  type  of  acetic  and  trichloroacetic  acids  and  maintained  that  the  physical  properties  of  these 
compounds  had  nothing  in  common.  Dumas  wrote  in  a  reply  to  this  objection,  which  Berzelius  considered  fundamen¬ 
tal:  "I  have  long  known  that  the  replacement  of  hydrogen  in  a  volatile  compound  by  chlorine  makes  the  substance 
denser  and  less  volatile  and  increases  the  density  of  its  vapor;  therefore,  it  is  clear  that  Berzelius’s  objection  does 
concern  the  opinion  I  have  put  forward."  Later  in  his  article,  Dumas  wrote:  "On  treating  trichloroacetic  acid  with 
any  alkali,  I  observed  a  very  interesting  reaction:  the  acid  decomposed  into  two  parts -carbonic  acid,  which  com¬ 
bined  with  the  alkali,  and  free  chloroform  C4H8  and  furthermore,  I  was  convinced  and  even  predicted  in  my  diary 
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that  acetic  acid  would  be  capable  of  a  similar  conversion,  i.e.,  that  under  the  action  of  an  alkali  it  would  be  con¬ 
verted  into  carbonic  acid  (i.e.,  a  carbonate  -  A.)  and  a  hydrocarbon  with  the  formula  C4H8  (in  present  day  parlance, 
CH4  or  methane.  -A.).  Dumas  also  noted:  "That  means  that  acetic  and  trichloroacetic  acids  have  the  same  proper¬ 
ties  and  are  of  the  same  organic  type." 

In  extending  the  concept  of  replacement  or  metalepsy,  Dumas  assumed  that  the  hydrogen  in  organic  compounds 
may  be  replaced  not  only  by  chlorine  or  odier  elements,  but  also  complex  groups  of  atoms  or,  in  other  words,  radicals, 
which,  according  to  Dumas,  play  the  part  of  elements  in  these  cases.  Later  Dumas  came  to  even  broader  conclusions. 
He  wrote:  "Up  to  now  I  have  argued  as  if  the  law  of  replacement  can  be  applied  only  to  the  replacement  of  hy¬ 
drogen,  which  was  observed  first,  but  we  should  note  that  carbon  .  .  .  and  consequently  all  the  elements  in  an  organic 
compound  may  be  displaced  successively  and  replaced  by  others." 

We  should  note  here  that  this  hyperbolic  generalization  and  enthusiasm  of  Dumas  was  subjected  at  that  time  to 
cruel  and  humerous  criticism  (I  have  in  mind  here  the  well-known  letter  by  Wbhler),  but  the  very  fact  of  replace¬ 
ment  of  some  elements  by  others  served  as  a  new  starting  point  In  the  development  of  theoretical  concepts  in  chem¬ 
istry. 

The  next  development  in  theoretical  concepts  of  chemistry,  mainly  organic  chemistry,  is  due  to  the  French 
chemists  Gerhardt  and  Laurent.  In  1841  Gerhardt  was  appointed  to  the  chair  of  chemistry  in  Montpellier  and  in  pre¬ 
paring  a  course  in  organic  chemistry  for  the  students,  he  had  to  face  all  the  difficulties  which  inevitably  faced  each 
science  teacher  at  that  period  in  the  development  of  organic  chemistry  when,  as  a  result  of  the  rapid  expansion  of 
synthetic  chemistry  and  the  existence  of  a  multiplicity  of  new  substances  and  new  facts,  the  accumulated  scientific 
material  could  not  be  covered  by  the  Berzelius  electrochemical  theory,  which  still  predominated. 

The  main  problems  and  aims  of  a  research  chemist  were  described  by  Gerhardt  in  the  following  words:  "Chem¬ 
istry  is  the  study  of  changes  in  matter;  its  attention  is  centered  on  conversions  and  this  is  its  main  character;  it  in¬ 
vestigates  the  origin  of  substances;  it  notes  their  past  and  points  out  their  future;  it  observes  a  substance  through  its 
various  phases  until  the  substance  reverts  to  the  initial  state.  I  do  not  say  its  end,"  stated  Gerhardt,  "because  it  has 
no  end.  Matter  is  indestructible  and  only  changes  its  form." 

Gerhardt  and  Laurent's  main  contribution  to  the  development  of  theoretical  chemistry  was  the  definition  of  the 
concepts  of  atom,  molecule,  and  equivalent  weight.  Before  Gerhardt,  chemists  quite  arbitrarily  assigned  different 
atomic  weights  to  various  elements  (for  example,  some  chemists  considered  the  atomic  weight  of  oxygen  as  8  and 
others  as  16,  the  atomic  weight  of  carbon  was  taken  as  6  and  12,  etc.)  and  this  naturally  affected  the  formulas  given 
for  compounds. 

Gerhardt  shared  the  achievement  of  defining  these  fundamental  concepts  in  chemistry  with  his  friend  and 
supporter  Laurent.  Laurent  initiated  the  important  idea  that  in  accordance  with  the  Avogadro -Ampere  hypothesis, 
the  volume  occupied  by  a  definite  amount  of  substance  in  the  gas  or  vapor  state  should  be  considered  as  a  unit  of 
comparison.  We  should  add  here  that  this  proposal  by  Laurent  and  Gerhardt  at  first  did  not  meet  with  approval  from 
the  majority  of  chemists.  One  of  the  reasons  fear  this  was  the  fact  that  the  atomic  weights  of  some  elements,  fca: 
example,  the  alkali  metals  sodium  and  potassium  and  also  silver  had  been  determined  incorrectly  because  of  the 
low  standard  of  techniques  and  experimental  difficulties  and  this  circumstance  made  many  chemists  doubt  the  ad  - 
vantages  and  value  of  the  reform  proposed  by  Gerhardt  and  Laurent. 

Somewhat  later,  S.  Cannizzaro,  the  Italian  chemist,  overcame  the  difficulties  mentioned  above.  In  September 
1860,  after  Cannizzaro's  report,  the  International  Congress  of  Chemists  at  Karlsruhe  adopted  a  resolution  which  put 
forward  the  principles  for  defining  the  concepts  of  atom,  molecule  and  equivalent.  Almost  simultaneously,  the  succes 
sive  application  of  the  concept  of  atom  and  molecule  led  Gerhardt  to  the  formulation  of  the  so-called  unitary  system, 
according  to  which  the  molecule  of  a  substance  was  considered  as  a  single  unit.  As  a  result,  the  unitary  system  or 
theory  made  it  impossible  to  apply  the  dualistic  Berzelius  formulas  to  such  compounds  as  nitric  acid,  sulfuric  acid, 
caustic  alkali,  and  many  others. 

In  addition,  there  was  one  other  chemical  phenomenon  which  played  an  important  part  in  preparing  the  ground 
for  the  formulation  of  the  fiieory  of  chemical  structure  and  this  was  isomerism.  At  the  beginning  of  the  nineteenth 
century,  even  such  great  intellects  as  Berzelius  considered  that  the  properties  of  chemical  compounds  were  deter¬ 
mined  wholly  by  composition.  Therefore,  when  in  1824  J.  Liebig  and  F.  Wtthler  established  the  composition  of  silver 
fulminate  and  consequently  the  ccxnposition  of  fiilminic  acid  itself  and  then  Wbhler  showed  by  analysis  that  cyanic 
acid  had  exactly  the  same  composition  as  fulminic  acid,  all  these  new  facts  attracted  the  greatest  attention  from 
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chemists.  It  seemed  most  surprising  to  chemists  of  that  time  that  these  acids  as  well  as  their  salts  had  completely 
different  properties.  As  regards  these  phenomena,  which  were  quite  incomprehensible  to  him,  Berzelius  first  declared 
that  they  were  the  result  of  incorrect  analyses,  but,  we  should  add,  the  analyses  were  carried  out  by  such  brilliant  and 
experienced  experimenters  as  Liebig  and  WOhler. 

Facts  similar  to  the  above  soon  became  more  numerous  and  finally  Berzelius  himself  was  convinced  that  racemic 
and  tartaric  acids  and  also  their  salts  had  different  properties,  although  their  compositions  were  the  same.  Berzelius 
then  recognized  the  existence  of  such  facts  and  named  the  new  phenomenon  isomerism  (from  the  Greek  words  loo; 
equal  and  part).  The  phenomenon  of  isomerism  undoubtedly  had  to  lead  chemists  to  the  idea  that  the  dif¬ 
ference  in  the  properties  of  two  isomeric  substances  must  be  due  to  a  difference  in  their  structure. 

Attempts  to  represent  a  complex  chemical  body  as  consisting  of  simpler  parts  had  been  made  long  before  by 
some  chemists.  Thus,  even  before  Lavoisier,  Guyton  de  Morveau  had  put  forward  the  concept  of  a  definite  part  of 
an  acid,  in  other  wcxds,  an  acid  radical.  Later,  the  concept  of  a  radical  was  extended  by  Lavoisier,  who  considered 
that  a  radical  could  be  simple  or  complex,  i.e.,  consisting  of  several  atoms  in  the  latter  case.  Berzelius  accepted 
this  concept  of  a  radical  given  by  Lavoisier  and  extended  it.  We  find  Berzelius  writing  that  the  difference  between 
organic  and  inorganic  bodies  is  that  in  the  inorganic  world,  all  oxidized  bodies  contain  a  simple  radical,  while  (x- 
ganic  bodies  consist  of  oxygen  compounds  of  complex  radicals.  Can  radicals  or,  in  other  words,  parts  of  a  chemical 
body  exist  independently  7  Berzelius  did  not  give  a  definite  answer  to  this  important  question. 

On  the  basis  of  some  experimental  data,  many  chemists  concluded  that  radicals  can  exist  independently.  Exam¬ 
ples  are  the  cyano  radical  of  Gay-Lussac  and  Bunsen's  cacodyl.  We  should  note  here  t^t  these  conclusions  were 
erroneous  as  it  was  found  that  the  cyanogen  molecule  consists  of  two  cyano  radicals  and  Bunsen's  cacodyl  molecule 
consists  of  two  cacodyl  radicals,  etc.  Nonetheless,  it  was  established  in  science  that  complex  bodies  could  be  rep¬ 
resented  as  consisting  of  simpler  parts. 

The  next  step  which  brought  chemists  closer  to  the  formulation  and  then  the  solution  of  the  problem  of  the  struc¬ 
ture  of  organic  compounds  was  the  doctrine  of  the  atomicity  or,  in  other  words,  valence  of  elements.  Credit  for  es¬ 
tablishing  the  concept  of  the  atomicity  of  elements  belongs  to  the  British  chemist  E.  Frankland.  In  1852  Frankland 
established  that  "the  affinity  (or  saturation  capacity  of  the  elements  forming  a  compound  was  always  satisfied  by  the 
same  number  of  atoms  adding  to  them,  regardless  of  the  chemical  nature  of  the  atoms."  At  first,  Frankland  applied 
this  rule  to  inorganic  and  organic  compounds  which  were  derivatives  of  nitrogen,  phosphorus,  arsenic,  antimony,  and 
tin.  Later  the  German  chemist  Kolbe  (1857)  extended  Frankland’s  idea  to  purely  carbonaceous  compounds  and  re¬ 
cognized  carbon  as  a  tetravalent  element,  though,  at  the  same  time,  allowed  the  possibility  of  divalent  carbon,  for 
example,  in  carbon  dioxide,  and  even  trivalent  carbon. 

Independently  of  Kolbe,  in  1857  the  German  chemist  Kekule  also  recognized  the  tetravalence  of  carbon  and 
gave  the  formulas  of  methane  and  carbon  tetrachloride  as  the  simplest  examples.  The  following  year,  1858,  A. 

Kekule  made  an  important  advance  and  extended  the  concept  of  the  tetravalence  of  carbon  to  compounds  containing 
several  carbon  atoms  and  thus  he  came  to  the  conclusion  that  chainlike  attachment  of  carbon  atoms  was  possible  in 
polycarbon  compounds.  Later,  Kekule  came  right  up  to  the  problem  of  the  strueture  of  carbon  compounds,  but  did 
not  take  the  decisive  step  in  this  direction.  Thus,  at  the  end  of  his  article  in  1858,  Kekule  stated:  "In  conclusion,  1 
consider  it  necessary  to  note  that  1  myself  assign  only  secondary  importance  to  discussions  of  this  type"  (i.e.,  dis¬ 
cussions  on  structure.  —  A). 

We  should  add  that  Kekule  remained  under  the  influence  of  Gerhardt’s  ideas  for  a  long  time  and  in  his  well- 
known  textbook  on  organic  chemistry,  which  was  published  in  1859-1861,  he  made  extensive  use  of  "rational"  for¬ 
mulas  in  the  same  way  as  Gerhardt.  The  following  examples  confirm  what  has  been  said:  Kekule  gave  four  formulas 
for  acetaldehyde  and  four  also  for  acetone,  etc.  Only  as  an  exception,  Kekule  gave  several  extremely  unwieldy  struc¬ 
tural  formulas  based  on  the  valence  of  elements. 

Almost  at  the  same  time  as  Kekule's  article,  an  article  entitled  "A  new  chemical  theory"  was  published  in  three 
languages  by  the  young  British  chemist  A.  Couper.  Independently  of  Kekule,  Couper  concluded  that  it  was  necessary 
to  start  from  the  concept  of  the  valence  of  elements  to  gain  an  insight  into  the  structure  of  compounds  and  their 
possible  conversions.  In  his  article,  Couper  gave  a  series  of  structural  formulas  as  examples  and  these  resemble  in 
many  ways  modern  structural  formulas  of  organic  compounds.  In  addition  to  these,  there  were  also  incorrect  for¬ 
mulas  such  as  those  for  oxalic  acid,  glycerol,  etc.  included  in  Couper’s  article. 
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A.  M.  Butlerov,  who  had  been  following  attentively  the  flow  of  scientific  ideas  in  the  West,  considered  it  neces¬ 
sary  to  criticize  the  new  theory  of  A.  Couper.  Couper's  scientific  activity  ended  suddenly  and  he  did  not  have  time 
to  publish  the  second  article  he  promised  on  the  structure  of  organic  compounds.  Quite  a  while  after  Couper's  article, 
an  article  was  publi^ed  by  the  German  physicist  1.  Loschmidt  in  which  a  huge  number  cf  "constitutional  formulas  of 
organic  chemistry  represented  graphically,"  as  Loschmidt  put  it  himself,  were  given  in  the  basis  of  purely  theoretical 
considerations.  There  are  quite  a  few  incorrect  formulas,  for  example,  that  of  benzoin,  given  among  the  ingeneously 
expressed  formulas.  I  would  like  to  stress  here  that  the  purely  speculative  attempts  by  Couper  and  Loschmidt  to  rep¬ 
resent  the  structure  of  organic  compounds,  which  were  not  based  on  the  tremendous  accumulation  of  material  in  syn¬ 
thetic  chemistry  nor  founded  on  any  new  data,  were  hardly  considered  and  therefore  had  no  effect  and  could  not  have 
had  any  effect  on  the  development  of  the  problem  of  the  structure  of  organic  compounds. 

Such  is  the  rough  picture  of  the  state  of  theoretical  ideas  in  chemistry,  largely  of  carbonaceous  compounds,  up 
to  the  end  of  the  fifties  of  the  last  century.  Briefly  summarizing,  we  can  say  that  the  attempts  of  outstanding  Western 
chemists,  among  whom  we  should  first  mention  Kekule,  Kolbe,  and  Couper,  to  find  new  basic  concepts  for  the  further 
development  of  the  chemistry  of  organic  compounds  gave  no  tangible  results.  As  previously,  both  the  teaching  of  or¬ 
ganic  chemistry  and  research  work  were  based  on  the  Gerhardt  system. 

However,  it  was  felt  that  a  new  epoch  in  the  development  of  chemistry  was  approaching,  but  the  genius  Butlerov 
was  needed  to  cross  the  Rubicon  and  push  science  forward.  However,  we  should  not  imagine  that  it  was  easy  for  But¬ 
lerov  to  cross  the  Rubicon.  Butlerov  himself  in  1858,  after  returning  from  his  first  trip  abroad,  read  a  course  in  or¬ 
ganic  chemistry  to  his  students  based  on  Gerhardt's  system,  but  at  the  end  of  1858,  Butlerov  wrote  in  an  article  entitled 
"Comments  on  the  new  chemical  theory  of  Couper"  that  "the  time  has  come  to  go  further  than  Gerhardt." 

In  a  course  of  lectures  he  gave  to  his  students  in  1860,  Butlerov  started  to  put  fcxward  carefully  the  basic  prin¬ 
ciples  of  his  theory  of  chemical  structure.  The  ideas  of  Gerhardt  moved  to  second  place.  This  was  the  time  of  the  full 
flowering  of  Butlerov’s  creative  talent;  in  a  short  period,  the  young  professor  of  a  provincial  university  developed  into 
an  outstanding,  progressive  scientist,  who,  in  contrast  to  most  Western  European  scientists,  deflned  with  unusual  clarity 
and  fullness  the  successive  problems  of  theoretical  chemistry  and  the  possible  ways  of  solving  them. 

Butlerov's  theoretical  ideas  took  on  a  finished  form  and  he  decided  that  he  should  introduce  his  new  ideas  and 
opinions  to  Western  European  scientists.  With  difficulty,  Butlerov  obtained  permission  for  a  second  trip  abroad  and  in 
1861  he  again  visited  all  the  most  imponant  scientific  centers  in  Europe.  During  his  first  trip  abroad,  Butlerov  wins 
our  admiration  with  the  incredible  rapidity  with  which  he,  up  to  then  a  young,  unknown  scientist,  learns  all  the  cur¬ 
rents,  details,  and  nuances  of  Western  European  chemical  thought,  while  his  second  trip  abroad  is  even  mcve  astonish¬ 
ing.  According  to  Bulerov  himself,  during  the  first  trip  abroad  he  came  to  "learn,*  while  in  his  second  trip,  he  could 
already  "teach."  During  his  first  visit  to  Western  Europe,  Butlerov  became  acquainted  with  the  general  state  of 
chemical  science  as  well  as  the  opinions  and  points  of  view  of  individual  scientists,  while  during  his  second  stay  abroad, 
he  found  It  necessary  to  put  forward  to  foreign  scientists  the  basic  premises  of  his  own  chemical  ideas  and  the  concrete 
conclusions  he  had  drawn.  Such  an  occasion  presented  itself  to  Butlerov  at  the  36th  Congress  of  German  Naturalists 
and  Doctors  in  Speyer. 

At  this  congress,  in  the  presence  of  many  outstanding  scientists,  Butlerov  read  his  well-known  report  "Einiges 
uberdieChemische  Struktur  der  Kdrper,"  the  translation  of  which  is  "A  contribution  on  the  chemical  structure  of 
bodies."  This  short,  historical  report  showed  Butlerov's  outstanding  talent  as  a  theoretician,  illustrated  by  the  defini¬ 
tion  of  an  impcxrtant  chemical  problem  and  the  method  of  solving  it.  Later,  in  1862,  this  report  with  a  few  editorial 
additions  was  pihlished  in  the  "Scientific  Reports  of  Kazan'  University"  under  the  title  "The  chemical  structure  of 
matter."  This  historical  report  began  thus:  "Now,  after  die  discovery  of  many  unexpected  and  impcvtant  facts,  al¬ 
most  everyone  recognizes  that  the  theoretical  side  of  chemistry  lags  behind  its  factual  development  and  the  theory 
of  types,  which  is  accepted  by  the  majority,  is  inadequate."  Then  later  in  his  report,  Butlerov  stated  the  basic  pre¬ 
mises  of  his  theoy  of  the  structure  of  organic  compounds. 

First  of  all,  this  includes  a  definition  of  the  concept  of  "chemical  structure,"  which  Butlerov  formulated  as 
follows:  "Starting  with  the  idea  that  each  chemical  atom  in  a  substance  participates  in  the  formation  of  the  latter 
and  contributes  to  it  a  definite  amount  of  its  inherent  chemical  fcxce  (affinity),  I  consider  that  chemical  structure 
is  die  distribution  of  the  action  of  this  force  and  as  a  result  the  chemical  atoms,  affecting  each  other  directly  or 
indirectly,  combine  into  a  chemical  particle."  This  definition  of  Butlerov’s  is  so  profound  and  inclusive  that  it 
agrees  basically  with  what  we  at  present  consider  to  be  chemical  structure  in  the  light  of  the  newest  chemical  con¬ 
cepts  on  the  structure  of  chemical  particles  (molecules). 


2614 


Also  very  important,  particularly  for  that  time,  was  the  part  of  the  report  where  Butlerov  talked  of  the  possibility 
of  determining  the  structure  of  a  molecule  by  chemical  methods,  in  particular,  by  the  synthesis  of  organic  compounds. 
On  this  cardinal  problem  Butlerov  stated  in  his  report;  "Most  probably  the  chemical  structure  of  substances  may  be 
deduced  best  from  a  study  of  the  means  by  which  they  are  formed  synthetically  and,  predominantly,  by  syntheses 
carried  out  at  low  temperatures  and,  generally,  under  conditions  where  it  is  possible  to  follow  the  course  of  die  gradual 
elaboration  of  a  chemical  particle."  However,  the  most  vital  section  in  the  repat  is  that  on  the  problem  of  expressing 
the  structure  of  substances  by  formulas. 

Butlerov's  opinion  on  this  fundamental  problem  differed  sharply  from  the  views  and  convictions  of  all  his  predeces¬ 
sors;  in  contrast  to  Gerhardt,  Kekule,  Kolbe  and  other  chemists,  Butlerov  considered  that  it  was  possible  and  necessary 
to  express  the  structure  of  a  definite  compound  by  only  one  famula.  This  part  of  Butlerov’s  report  is  the  place  where 
I  consider  Butlerov  crossed  the  Rubicon;  it  is  this  which  gives  us  the  right  to  claim  Butlerov  as  the  true  founder  of  the 
theory  of  chemical  structure. 

The  reception  given  by  the  majority  of  the  chemists  present  at  the  Speyer  conference  to  this  first  maja  con¬ 
tribution  by  Butlerov  is  most  interesting  and  indicative;  briefly,  the  audience  gave  it  a  cold  reception.  One  of  But¬ 
lerov’s  most  outstanding  pupils,  V.  V.  Markovnikov,  wrote  later  ondiis  subject  that  "Of  all  the  chemists  of  that  time, 
only  the  old  man  Heinz  and  the  young  lecturer  Erlenmeyer  accepted  completely  the  new  viewpoints  and  started 
applying  them  in  their  articles;  Wislicenus  soon  joined  them." 

This  situation  was  most  indicative  of  the  uncoadinated  state  of  mind  of  Western  European  chemists  on  the  most 
basic  problems  of  theoretical  chemistry. 

Quite  noteworthy  is  Butlerov’s  own  opinion  on  the  results  of  his  second  trip  abroad  expressed  in  his  repat  to  the 
Board  of  Kazan’  University.  Butlerov’s  acute  observations  on  the  dominant  scientific  trends  in  the  field  of  chemistry 
as  well  as  on  the  individual  opinions  of  prominent  Western  European  chemists  is  an  outstanding  feature  of  this  report. 
The  report  shows  Butlerov’s  firm  stand  regarding  the  dominant  scientific  trends  and  this  shows  that  he  was  mae  than 
the  formulator  of  a  new  and  most  progressive  trend  in  chemical  thought.  Butlerov  regarded  the  development  of  science 
as  a  historical  process.  From  this  he  derived  his  idea  on  the  role  of  theories  in  this  process.  Fundamentally,  Butlerov’s 
viewpoint  is  based  on  the  idea  that  a  theory  must  arise  from  facts,  which  it  is  called  upon  to  explain  and  the  theory 
remains  accurate  within  the  limits  of  these  facts. 

In  time,  new  facts  appear  which  cannot  be  or  are  difficult  to  explain  by  an  existing  theory  and  the  theory  must 
then  give  way  to  new  and  wider  generalizations.  On  this  subject  Butlerov  wrote,  "A  new  outlook  is  usually  wider  than 
the  preceding  ones;  it  is  preferable  as  it  examines  facts  from  a  new  aspect  and  indicates  analogies  which  had  remained 
unnoticed,  but  this  does  not  make  old  opinions  incorrect  as  long  as  they  remain  within  the  limits  of  the  facts  per¬ 
tinent  to  them."  It  was  this  latitude  and  thoroughness  of  Butlerov’s  scientific  ideas,  combined  simultaneously  with 
caution  and  well -based  scientific  conclusions  and  deductions  which  raised  the  Kazan’  chemical  laboratory,  directed 
by  Butlerov,  to  the  position  of  an  outstanding  scientific  center. 

On  his  return  from  abroad,  Butlerov  developed  his  scientific  work  so  that  it  expanded  simultaneously  and  har¬ 
moniously  in  two  directions:  theoretical  and  experimental. 

First  of  all,  Butlerov  wrote  a  series  of  articles  in  Russian  and  German  in  which  he  developed  in  greater  detail 
his  new  doctrine  on  the  structure  of  organic  compounds.  In  these  articles  Butlerov  showed  very  convincingly  a  series 
of  errors  and  inconsistencies  found  in  the  scientific  arguments  of  some  of  the  most  prominent  Western  European  theo¬ 
retical  chemists,  such  as  Kekule,  Kolbe,  and  Erlenmeyer. 

Not  satisfied  with  the  development  of  new  theoretical  concepts,  Butlerov  concluded  that  for  the  recognition  and 
consolidation  of  his  new  doctrine,  new  facts  were  needed  which  followed  from  this  doctrine  and  he  undertook  ex¬ 
tensive  research.  The  main  result  of  this  period  of  his  experimental  investigations  was  firstly,  the  famous  Butlerov 
synthesis  of  trimethylcarbinol,  which  was  the  first  example  of  tertiary  alcohols,  whose  existence  and  structure  were 
predicted  on  the  basis  of  his  theay.  We  should  note  here  that  in  this  work  Butlerov  again  showed  himself  a  skillfull 
experimenter.  The  synthesis  of  trimethylcarbinol,  starting  with  phosgene  and  methylzinc,  is  extremely  complicated. 

It  suffices  to  say  that  the  Austrian  chemists  Pebal  and  Freind  could  not  sort  out  this  reaction  and  Butlerov  was  able  to 
achieve  this  synthesis  and  isolate  trimethylcarbinol  only  after  much  work. 

Butlerov  rapidly  appraised  the  whole  significance  of  this  synthesis  and  guided  by  his  theory  of  chemical  struc¬ 
ture,  he  prepared  without  much  trouble  a  series  of  trimethylcarbinol  homologs  based  on  various  acid  chlorides  and 
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organozinc  compounds.  By  these  historical  syntheses,  Butlerov  was  the  first  to  establish,  in  agreement  with  his  theory, 
cases  of  isomerism  among  tertiary  alcohols.  In  particular,  he  found  that  methyldiethylcarbinol  was  isomeric  with 
dimethylpropylcarblnol.  From  the  time  when  Butlerov  synthesized  the  tertiary  alcohols,  his  theory  of  chemical  struc¬ 
ture  began  to  triumph. 

At  the  same  time  as  Butlerov  achieved  his  historical  syntheses,  the  opinions  of  many  Western  European  chemists 
regarding  the  theory  of  chemical  structure  changed  and  the  number  of  adherents  to  Butlerov's  theory  grew  rapidly. 
Simultaneously,  articles  appeared  in  Western  European  chemical  literature  by  authcMrs  who  contested  Butlerov's  priority 
in  formulating  the  theory  of  chemical  structure.  Although  few,  the  baseless  jwetensions  of  Western  chemists  gave 
Butlerov  many  unpleasant  moments. 

During  this  period  of  Butlerov's  greatest  creativeness  he  made  another  important  contribution,  namely,  he  under¬ 
took  the  publication  of  his  famous  textbook,  or  rather  guide,  "Introduction  to  the  Complete  Study  of  Organic  Chemistry, 
which  first  appeared  in  1864  in  Russian  and  the  whole  publication  was  completed  in  1866.  The  appearance  of  But¬ 
lerov's  "Introduction"  had  a  great  effect  in  disseminating  his  new  doctrine  among  chemists. 

Butlerov  then  made  a  further  and  equally  important  contribution  in  this  direction  by  deciding  to  publish  his 
"Introduction"  in  German.  The  German  translation  written  by  the  teacher  of  German,  Reshem,  in  Kazan',  was  edited 
by  Butlerov  himself  and  published  in  Leipzig  in  1868.  The  publication  by  Butlerov  in  Russian  and  German  of  his  text¬ 
book  on  organic  chemistry  in  which  the  theory  of  chemical  structure  was  for  the  first  time  successively  applied  to  all 
classes  of  organic  compounds  known  at  that  time  as  well  as  his  brilliant  syntheses  helped  to  win  wide  recognition  and 
consolidate  his  theory  among  the  chemists  of  the  whole  world.  The  publication  of  "Introduction  to  the  Complete 
Study  of  Organic  Chemistry"  marks  the  end  of  Butlerov's  scientific  activities  in  Kazan'.  The  intense  mental  strain 
of  publishing  the  "Introduction"  and  extensive  research  had  tired  Butlerov  and  both  for  health  reasons  and  fcx  editing 
the  German  translation  of  his  "Introduction,"  he  decided  to  go  abroad  for  the  third  time. 

Butlerov  remained  abroad  for  about  a  year.  While  abroad,  Butlerov  again  had  the  opportunity  to  meet  many 
prominent  chemists  and  in  his  discussions  with  his  foreign  colleagues  he  spoke  of  his  point  of  view  and  of  the  future 
development  of  the  theory  of  the  chemical  structure  of  organic  compounds.  In  the  spring  of  1868  when  Butlerov  was 
still  abroad,  at  the  suggestion  of  D.  I.  Mendeleev,  the  Board  of  professors  of  St.  Petersburg  University  elected  him 
to  an  ordinary  professorship  in  the  department  of  chemistry,  a  position  vacated  by  the  retirement  of  Professor  A.  A. 
Voskresenskii.  In  his  nomination,  D.  I.  Mendeleev  described  Butlerov  as  a  scientist  in  the  following  glowing  terms: 
"Aleksandr  Mikhailovich  Butlerov  ...  is  a  remarkable  Russian  scientist.  He  is  Russian  both  in  scientific  education 
and  in  the  originality  of  his  work.  A  student  of  our  famous  Academician  Zinin,  he  became  a  chemist  not  abroad,  but 
In  Kazan'  and  it  is  there  that  he  continues  to  develop  his  independent  school  of  chemistry.  The  trend  of  Butlerov's 
scientific  work  belongs  to  him  and  is  not  the  continuation  or  development  of  the  ideas  of  his  predecessors.  There 
exists  in  chemistry  a  Butlerov  school  and  a  Butlerov  trend  (my  italics  -  A). 

A.  M.  Butlerov  accepted  the  tempting  offer  of  the  Board  of  St.  Petersburg  University  and  sent  his  acceptance 
of  the  chair  of  chemistry  from  abroad.  Butlerov  was  confirmed  as  an  ordinary  professor  of  St.  Petersburg  University 
in  September,  1868.  When  he  returned  from  abroad,  at  the  request  of  the  Board  of  the  Kazan'  University,  Butlerov 
remained  in  Kazan'  till  the  end  of  the  semester  to  finish  the  course. 

On  February  22,  1869  the  Board  of  Professors  of  Kazan'  University  elected  Butlerov  an  honorary  member  in  recog¬ 
nition  of  his  scientific  services.  An  oil  portrait  of  Butlerov  was  hung  in  the  professors'  reading  room  in  the  university. 
At  present  this  portrait  is  in  the  assembly  hall  of  the  university. 

At  the  beginning  of  1869  Butlerov  moved  to  St.  Petersburg  and  on  January  23,  read  his  first  lecture.  In  March 
1870  A.  M.  Butlerov  was  elected  Assistant  of  the  Academy  of  Sciences,  in  the  following  year.  Extraordinary  Acade¬ 
mician  and  in  1874,  after  the  death  of  Academician  Fritsshe,  Ordinary  Academician. 

During  his  first  year  in  St.  Petersburg,  besides  his  teaching  duties,  Butlerov  was  occupied  with  the  organization 
of  the  laboratory.  However,  even  after  the  considerable  improvements  brought  about  by  Butlerov,  the  laboratory  was 
inferior  to  that  in  Kazan'.  It  is  sufficient  to  point  out  that  twelve  persons  could  hardly  work  simultaneously  in  the 
renovated  St.  Petersburg  laboratory.  However,  even  under  these  conditions  Butlerov  with  his  inherent  energy  rapidly 
organized  the  scientific  work;  capable  young  people  appeared  in  the  laboratory  and  it  produced  numerous  papers, 
which  were  printed  mainly  In  the  new  journal  of  Russian  chemists  "The  Journal  of  the  Russian  Chemical  Society." 
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I  cannot  examine  in  a  short  article  the  numerous  papers  by  Butlerov  during  the  St.  Petersburg  period.  I  will 
only  state  that  all  of  them  consolidated  and  widened  the  scope  of  the  theory  of  chemical  structure;  like  all  Butlerov's 
previous  reports,  they  were  outstanding  in  the  profundity  of  the  problems  tackled  and  brilliant  experimental  resolution. 

1  should  note  that  all  the  investigations  of  the  St.  Petersburg  period  were  a  continuation  both  in  content  and  trend 
of  the  famous  work  of  the  Kazan'  period.  1  will  clarify  this  statement  furtfier.  Thus,  on  the  basis  of  his  synthesis  of 
trimethylcarbinol  in  1864,  Butlerov  developed  a  series  of  investigations  which  had  both  theoretical  and  practical  value. 
In  his  article  "Derivatives  of  trimethylcarbinol,"  printed  in  the  Scientific  Reports  of  Kazan'  University  in  1867,  on  the 
basis  of  his  theory,  Butlerov  predicted  the  existence  of  two  isomeric  hydrocarbons  with  the  composition  C^Hjo,  namely, 
diethyl  (butane)  and  trimethylformene  (isobutane).  1  should  note  that  outstanding  chemists  such  as  K.  Schorlemmer 
and  A.  Wurtz  were  skeptical  of  such  predictions  by  Butlerov.  By  a  series  of  ineproachably  organized  investigations, 
Butlerov  brilliantly  confirmed  his  theoretical  deductions  on  the  existence  of  the  two  iscnners,  butane  and  isobutane. 

In  tlie  same  article  Butlerov  described  the  preparation  of  an  unsaturated  hydrocarbon  C4H8  with  a  branched  chain, 
namely,  isobutylene,  which,  as  could  be  expected,  was  found  to  be  an  isomer  of  the  known  hydrocarbon  obtained 
by  de  Luine. 

In  these  complicated  investigations,  Butlerov  also  observed  the  partial  polymerization  of  unsaturated  hydro¬ 
carbons.  If  we  also  mention  that  Butlerov  included  not  only  such  hydrocarbons  as  isobutylene  in  his  investigations, 
but  later  such  simple  hydrocarbons  as  ethylene  and  propylene  (although  experiments  with  the  last  two  were  unsucess- 
ful  for  reasons  that  we  can  now  understand),  then  it  becomes  quite  evident  that  Butleorv's  investigations,  begun  in 
Kazan',  are  the  starting  point  of  the  polymerization  processes  which  are  of  great  theoretical  and  practical  interest 
at  present. 

It  is  remarkable  that  Butlerov  who,  it  seemed,  was  completely  absorbed  by  the  problem  of  consolidating  the 
theory  of  chemical  structure,  still  took  every  opportunity  to  study  the  preparation  of  compounds  by  methods  that  were 
suitable  for  large  scale  production.  This  includes,  for  example,  his  experiments  on  the  conversion  of  ethylene  to 
ethanol  and  the  preparation  of  isobutane  and  isobutylene  by  convenient  means.  Now  the  preparation  of  the  hydro¬ 
carbons  and  alcohols  which  Butlerov  studied  has  reached  acolossal  scale  and  their  industrial  production  is  measured 
in  hundred -thousands  and  millions  of  tons. 

It  is  doubtful  whether  every  technologist,  or  even  maybe  chemist,  recognizes  the  importance  of  Butlerov's 
work  in  the  development  of  industry.  Thus,  synthetic  butadiene  or  Lebedev  rubber  is  still  partly  prepared  from  ethanol; 
the  so-called  butyl  rubber  is  prepared  from  isobutylene.  Synthetic  ethanol  and  isopropanol  are  used  in  great  quan¬ 
tities  as  solvents.  The  requirements  of  modern  technical  industry  fa:  hydrocarbons  containing  quaternary  carbon 
atoms,  the  100  octane  fuels  needed  for  running  airplane  engines,  are  huge  and  may  be  said  to  be  limitless. 

1880  was  the  thirtieth  year  of  Butlerov's  work.  Tired  by  his  intense  scientific  and  teaching  activities,  Butlerov 
informed  the  University  Board  in  October  1879  of  his  decision  to  leave  the  university  and  on  April  4,  1880  he  gave 
his  last  lecture  to  the  students.  His  laboratory  assistants  and  students,  concerned  at  the  unexpected  departure  of  their 
teacher,  presented  him  with  a  collective  petition  in  which  they  asked  Butlerov  to  reconsider  his  decision.  Butlerov 
acceded  to  the  request  of  his  colleagues  and  students  and  remained  for  a  further  five  years  in  the  university. 

In  the  spring  of  1885  Butlerov  finally  stopped  teaching,  but  continued  his  research  in  the  laboratory  of  the 
Academy  of  Sciences.  One  of  Butlerov's  closest  students.  Academician  V.  E.  Tishchenko  wrote  the  following  on 
Butlerov's  research  and  activities  in  the  Academy:  "As  he  carried  them  (his  duties— A.)  out  with  his  inherent  serious¬ 
ness  and  conscientiousness,  he  had  to  take  up  a  stand  which  was  the  source  of  much  unpleasantness  to  him.  Like 
Lomonosov,  he  had  to  struggle  against  the  majority  then  ruling  the  Academy.  Butlerov  could  not  but  note  that  in 
filling  vacancies  in  the  membership  of  the  Academy  and  in  awarding  prizes  for  scientific  work,  there  was  a  tendency 
to  favor  foreigners,  even  when  there  were  worthier  Russian  scientists.  Arousing  much  opposition,  he  defended  the 
statute  of  the  Academy  which  required  that,  with  all  other  conditions  equal,  preference  should  be  given  to  Russian 
scientists.  A  struggle  ensued,  which  was  particularly  aggravated  by  the  vote  against  D.  I.  Mendeleev. 

After  the  death  of  N.  N.  Zinin  (1880),  A.  M.  Butlerov  together  with  Academicians  P.  L.  Chebyshev,  F.  V. 
Ovsyannikov,  and  N.  I.  Koksharov  proposed  to  the  1st  Division  of  the  Academy  of  Sciences  the  nomination  of  D,  I. 
Mendeleev  for  active  membership  of  the  Academy  of  Sciences.  Butlerov  concluded  his  representation  with  the  fol¬ 
lowing  wcffds:  "Professor  Mendeleev  takes  precedence  in  Russian  chemistry  and  sharing  the  general  opinion  of  Russian 
chemists,  we  consider  that  it  is  his  right  to  have  a  place  in  the  leading  scientific  body  of  the  Russian  empire.  By 
including  Professor  Mendeleev,  the  Academy  would  be  honoring  Russian  science  and  itself,  as  its  highest  represen- 
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tative."  However,  as  is  known,  D.  I.  Mendeleev,  whom  N.  N,  Beketov  called  "Russia’s  scientific  pride,"  was  outvoted 
for  the  second  time.  Deeply  indignant  at  such  cruel  injustice,  Butlerov  was  not  afraid  to  come  out  openly  in  print 
with  his  famous  article:  "Is  the  Academy  of  Sciences  in  St.  Petersburg  Russian  or  only  imperial? "  This  struggle  with 
the  reactionary  maj^ity  of  the  Academy  adversely  affected  Butlerov's  health. 

During  the  last  period  of  his  academic  activity,  Butlerov  reduced  his  laboratory  investigations  and  turned  more 
and  more  to  the  consideration  of  difficult  problems  of  theoretical  chemistry  of  long  range  value.  These  speculations 
of  Butlerov  illustrate  again  his  genius  and  exceptional  intuition  in  predicting  the  future  stages  of  chemical  science. 

One  can  say  that  Butlerov  guessed  and  not  only  guessed,  but  plotted  the  course  of  his  well  loved  science  for  many 
decades  ahead.  This  particular  feature  of  Butlerov’s  mind  is  kindred  to  Lomonosov’s  genius. 

I  will  give  a  few  examples  to  illustrate  the  above.  Thus,  in  the  article  "Various  explanations  of  some  cases  of 
isomerism,"  Butlerov  wrote:  *1  do  not  believe  that  it  is  impossible,  as  Kekule  considers,  to  represent  on  a  plane  the 
position  of  atoms  in  space."  There  is  no  doubt  that  this  excerpt  expresses  Butlerov’s  thoughts  on  the  development  of 
the  theory  of  chemical  structure  into  stereochemistry. 

Butlerov  expressed  some  very  valuable  thoughts  on  the  nature  of  chemical  phenomena  which  were  later  called 
"tautomerism"  (reversible  isomerism).  Thus,  as  early  as  1862,  on  the  example  of  cyanic  and  isocyanic  acids,  But¬ 
lerov  stated  that  there  may  be  cases  where  a  definite  substance  reacts  as  if  it  has  two  structural  forms.  Later,  in  an 
article  "Diisobutylene,  one  of  the  modifications  of  octylene"  (1877),  Butlerov  returned  to  this  problem  and  interpreted 
remarkably  well  cases  of  reciprocal  isomeric  conversions  of  one  structural  form  of  a  definite  substance  into  another. 
The  German  chemist  Laar,  who  gave  the  name  tautomerism  to  cases  of  similar  conversions,  first  claimed  the  honor 
of  having  discovered  this  new  chemical  phenomenon  and  gave  it  an  unsubstantiated  explanation,  which  assumed  the 
possibility  of  so-to-speak  two  structures  at  the  same  time,  but  after  a  letter  from  Butlerov,  he  admitted  the  accurate 
interpretation  and  priority  of  the  Russian  scientist.  Later,  in  studying  the  many  cases  of  tautomerism  that  were  dis¬ 
covered,  chemists  using  chemical  and  physical  methods  confirmed  fully  the  explanation  given  by  Butlerov  for  these 
peculiar  chemical  conversions. 

I  must  mention  at  least  briefly  that  in  these  years  of  his  most  intense  scientific  activity,  Butlerov  spread  his 
ideas  widely  as  is  illustrated  by  the  special  course  of  lectures  he  gave  in  1879-1880.  This  course  was  called  "A 
historical  outline  of  the  development  of  chemistry  in  the  last  40  years."  It  is  most  characteristic  of  Butlerov’s  wide 
scientific  outlook  that  he  wrote  on  the  title  page  of  the  typed  course  of  lectures  a  quote  from  the  famous  English 
philosopher  F.  Bacon:  "Truth  is  the  daughter  of  time  and  not  of  authority."  In  this  course  of  lectures,  in  historical 
sequence  and  with  great  objectivity,  Butlerov  unfolded  before  his  listeners  the  complex  and  often  contradictory  picture 
of  the  development  of  facts  and  ideas  which  finally  resulted  in  his  theory  of  chemical  structure.  Butlerov  finished  his 
historical  sketch  with  the  following  words,  addressed  to  the  young  generation:  "Let  us  hope  that  in  glancing  at  the 
past,  young  chemists  will  learn  from  it  to  work  for  greater  good  in  the  future." 

While  consolidating  his  theory  of  chemical  structure,  Butlerov  continued  to  evolve  his  ideas  on  fundamental 
and  most  important  and  difficult  problems  of  theoretical  chemistry.  His  thoughts  and  statements  on  the  constancy 
of  atoms  and  atomic  weights  of  elements  were  as  follows.  Butlerov  considered  that  Front’s  hypothesis  was  actually 
true;  however,  at  the  same  time  he  assumed  that  there  may  be  small  deviations  in  the  atomic  weights  of  elements. 
Thus,  in  his  pamphlet  "Fundamental  concepts  of  chemistry"  Butlerov  wrote:  "At  the  beginning  of  this  outline  it  was 
stated  that  elements  are  substances  which  have  not  yet  been  decomposed,  but  the  chemical  complexity  of  some  of 
them  (even  though  of  a  particular  type)  is  not  improbable.  This  means  that  the  "atoms"  of  some  elements,  as  they 
are  considered  now,  may  actually  be  capable  of  chemical  decomposition,  i.e.,  they  are  not  indivisible  by  nature, 
but  only  indivisible  by  the  means  available  to  us  and  remain  so  only  in  those  chemical  processes  which  are  known  at 
present  and  may  be  decomposed  in  new  processes  which  will  be  discovered  in  the  future."  Butlerov  thus  concludes  his 
thoughts:  "Such  a  strict  interpretation  of  the  concept  of  an  atom  ccxresponds  fully  to  the  spirit  and  actual  meaning  of 
scientific  theories." 

In  evolving  his  thought  on  the  possible  division  of  atoms,  which  was  so  brilliantly  confirmed  in  our  time,  But¬ 
lerov  progressed  further  and  put  forward  a  question  that  was  just  as  important,  namely,  that  of  the  constancy  of  the 
atomic  weight  of  elements.  Regarding  this  question,  Butlerov  wrote  in  his  "Note  on  atomic  weights";  "I  pose  the 
question:  will  not  Front’s  hypothesis  be  completely  accurate  under  certain  conditions  (which  we  are  not  yet  in  a 
position  to  define)?"  Butlerov  continues:  "To  pose  such  a  question  means  a  decision  to  deny  the  absolute  constancy 
of  atomic  weights  and  I  actually  think  that  there  is  no  reason  to  accept  this  constancy." 
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Further,  Butlerov  wrote:  "...  To  chemists,  atomic  weight  will  mainly  be  nothing  more  than  a  term  expressing 
a  certain  amount  of  matter  carrying  a  known  amount  of  chemical  energy.  But  we  know  well  that  the  amount  of  energy 
is  determined  not  only  by  the  mass  of  the  substance  in  the  case  of  different  forms  of  energy:  the  mass  may  remain 
the  same  while  the  amount  of  energy  changes,  nonetheless,  for  example,  as  a  result  of  a  change  in  velocity.  Why 
then  should  there  not  exist  similar  changes  in  chemical  energy  even  within  the  known  strict  limits?"  These  words  of 
Butlerov  are  prophetic  as  we  can  see  in  them  the  beginnings  of  our  modern  concepts  of  the  relations  between  matter 
and  energy. 

An  interesting  question  for  the  present  time  is  the  attitude  of  the  great  scientist  A.  M.  Butlerov  toward  the 
relation  between  science  and  practice.  He  gave  a  lecture  on  this  theme  at  the  grand  meeting  of  the  Academy  of 
Sciences  on  December  29,  1870  under  the  title  "The  practical  value  of  scientific  chemical  work."  Butlerov  started 
his  lecture  as  follows:  "Science  has  a  free  and  facile  life  only  when  it  has  the  full  interest  of  the  society.  Science 
will  be  able  to  count  on  this  interest  if  the  socieity  is  closely  related  to  it.  The  society  then  recognizes  that  the 
needs  of  science  are  its  own  and  that  science  is  the  best  source  of  strength  for  the  society  and  that  the  paths  of 
knowledge  and  development  always  coincide,  regardless  of  the  direction  taken." 

Butlerov  expressed  himself  very  clearly  on  the  value  of  scientific  theories  at  the  end  of  the  lecture:  "Only 
after  the  understanding  of  phenomena,  the  formulation  of  generalizations  and  theories,  and  the  comprehension  of  the 
laws  governing  the  phenomena  is  there  a  beginning  of  true  human  understanding  and  science  arises.  As  with  all  other 
organisms,  man,  being  completely  dependent  on  the  effects  of  nature,  is  also  subject  to  the  general  law  of  the  sur¬ 
vival  of  the  fittest.  Lacking  most  of  the  natural  defenses  which  are  inherent  in  beings  of  a  lower  order,  man  possesses 
instead  a  stronger  weapon  in  his  ability  to  abstract  and  generalize.  By  nature  he  must  use  them;  he  is  duty  bound  to 
use  them  in  order  to  remain  in  his  position  at  the  top  of  the  order  of  organisms.  True  knowledge  gives  him  a  strength 
that  is  Inaccessible  to  other  beings.  It  is  this  knowledge  alone  which  makes  it  possible  to  direct  the  forces  of  nature 
according  to  set  aims." 

The  outstanding  role  of  the  great  scientist  Butlerov  in  the  expansion  of  science  culture  would  not  be  fully  de¬ 
scribed  if  we  limited  ourselves  to  the  scientific  side  of  his  activities. 

The  period  of  Butlerov’s  highest  scientific  creation  coincided  with  the  period  of  social  advance  in  Russia  known 
historically  as  the  Movement  of  the  Sixties. 

Being  sensitive  and  responsive  to  all  that  was  progressive,  Butlerov  could  not  remain  isolated  from  the  social 
advance  and  social  life.  Thus,  while  Butlerov  was  apparently  totally  Immersed  in  the  solution  of  complex  chemical 
problems  and  his  laboratory  investigations,  he  spent  part  of  his  time  in  social  service.  In  the  fifties  in  St.  Petersburg, 
a  small  group  of  chemists  would  meet  at  each  others  houses  in  turn  to  discuss  the  latest  news  in  chemical  science. 

At  the  beginning  of  the  sixties,  on  their  own  initiative,  the  chemistry  professor  N.  N.  Sokolov  and  a  well-known 
journalist  and  public-spirited  man,  A.  N.  Engel'gardt,  who  was  interest  in  problems  of  chemistry  and  efficient  agricul¬ 
ture,  started  publishing  the  "Chemical  Journal." 

At  the  suggestion  of  the  well-known  zoology  professor  K.  F.  Kessler,  the  first  Congress  of  Russian  Naturalists 
and  Doctors  met  in  St.  Petersburg  in  1868.  As  a  result  of  this  congress,  several  scientific  societies  were  organized, 
including  the  Russian  Chemical  Society  initiated  by  D.  I.  Mendeleev  and  N.  A.  Menshutkin.  N.  N.  Zinin  was  the 
first  editor  of  the  society  and  remained  in  the  position  for  ten  years.  In  1869  A.  M.  Butlerov  was  elected  a  member 
of  the  society  and  soon  became  one  of  its  most  active  members.  In  1878  N.  N.  Zinin  refused  to  continue  as  president 
despite  the  urgent  requests  of  the  society  members.  A.  M.  Butlerov  was  elected  president  after  N,  N.  Zinin  and  he 
rc,nained  in  the  position  for  three  years.  In  1883,  despite  urgent  requests,  Butlerov  refused  to  be  reelected.  The 
society  made  Butlerov  an  honorary  member  and  his  name  was  included  in  the  list  of  members  in  perpetuity. 

Butlerov  was  an  ardent  supporter  of  higher  education  for  women.  Thus,  1870  Butlerov  participated  actively  in 
the  organization  of  higher  courses  for  women.  These  were  named  "Bestuzhev"  courses  in  honor  of  one  of  the  founders, 
the  history  professor  (later  Academician)  K.  N.  Bestuzhev -Ryumin.  These  courses  could  have  been  called  "Butlerov," 
if  Butlerov  had  not  modestly  refused  the  honorable  title  of  "founder  of  the  courses."  In  the  spring  of  1886,  when  a 
well-knovm  reactionary  minister  of  public  education.  Count  Delyanov,  had  forbidden  further  courses,  Butlerov  put 
fcxrward  the  idea  of  establishing  universities  for  women.  Butlerov  kept  repeating,  "We  should  aim  ftx:  not  only  higher 
courses,  but  also  universities  for  women,  including  all  departments,  in  each  university  town." 

All  that  1  have  reported  still  does  not  exhaust  the  extensive  scientific  and  social  activities  of  Butlerov. 
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An  eminent  theoretician  and  experimenter,  Butlerov  willingly  gave  public  lectures  on  subjects  which  were 
directly  related  to  practical  problems.  Examples  are  his  well-known  series  of  lectures,  "Water,  "Illuminating  gas," 
etc.  Butlerov's  public  lectures  always  Included  a  demonstration  of  carefully  planned  and  prepared  experiments. 
Butlerov's  extensive  scientific  and  social  activities  gave  him  immense  authority.  Butlerov  was  the  founder  and  creator 
of  the  scientific  trend  in  organic  chemistry  which  has  been  for  a  hundred  years  the  inexhaustable  source  of  an  infinite 
number  of  discoveries  of  equal  theoretical  and  practical  importance. 

Butlerov  was  the  founder  and  head  of  the  famous  "Butlerov  school  of  organic  chemists,"  which  one  can  claim 
extended  its  effect  to  not  only  all  the  scientific  centers  of  our  country,  but  far  beyond  its  frontiers.  Of  the  represen¬ 
tatives  of  the  Butlerov  school  who  were  students  of  Butlerov  himself  or  students  of  his  students,  we  should,  first  of  all 
mention  V.  V.  Markovnikov,  A.  E.  Favorskii,  V.  E.  Tishchenko,  D.  P.  Konovalov,  A.  I.  Gorbov,  N.  M.  Klzhner,  S.  V. 
Lebedev,  S.  N.  Reformatskii,  as  well  as  many  others.  This  success  of  Butlerov's  scientific  activity  is  due  not  only  to 
his  high  talent  as  a  scientist,  but  to  his  very  high  qualities  as  a  man. 

Butlerov  was  very  well  characterized  by  one  of  his  closest  students,  G.  G.  Gustavson,  who  was  a  co-worker  in 
St.  Petersburg  University  for  a  long  time.  Gustavson  reminisced,  "The  lively  geniality,  sociability,  and  remarkable 
delicacy  attracted  everyone  to  him.  Another  strong  trait  in  Butlerov’s  character,  which  resulted  in  the  flowering  of 
lus  school,  was  his  persistence  and  particular  aspiration  to  complete  and  exhaust  each  matter." 

Gustavson  also  emphasizes  another  aspect.  "Butlerov  always  worked  openly,  in  the  sight  of  all  his  co-workers. 
All  the  finest  matters  which  required  particularly  intense  attention  he  carried  out  before  the  eyes  of  everyone,  often 
during  a  lively  discussion.  I  have  every  reason  to  state,  "continues  Gustavson,  "that  he  thought  openly  ....  He  had 
no  secrets  either  in  ideas  or  in  attempts  to  achieve  them." 

Butlerov's  intense  activities  ended  suddenly.  In  March  1886  Butlerov  injured  his  leg  by  a  careless  movement 
and  he  was  sent  to  bed  by  his  doctors.  The  sudden  illness  was  tedious  to  his  lively  and  active  nature,  but  was  not 
serious.  He  was  soon  well  and  went  to  Butlerovka  for  the  summer.  Butlerov  felt  well  in  the  village  and  his  leg  did 
not  pain  him.  However,  on  August  5  Butlerov  felt  ill  and  after  several  hours  of  suffering,  died,  quite  unexpectedly 
to  all  his  relatives.  Butlerov  was  buried  in  the  family  chapel  close  to  the  village  of  Butlerovka. 

It  is  the  debt  of  Soviet  chemists  to  develop  creatively  and  expand  the  great  scientific  heritage  of  Butlerov, 
his  theory  of  chemical  structure,  in  the  light  of  the  latest  discoveries  of  science. 
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Catalytic  decomposition  of  hydrogen  peroxide  under  the  influence  of  salts  of  calcium  and  tungsten  has  been 
studied  by  G.  A.  Bogdanov  and  T.  I.  Berkengeim  [1].  It  has  been  established  that  the  process  takes  place  according 
to  the  pattern  of  a  homogeneous  catalytic  reaction  and  is  dependent  on  the  formation  of  two  intermediate  products 
differing  in  composition  and  activity -peroxotungstates  of  calcium  which  have  not  been  described  in  the  literature. 

In  the  present  work  we  set  up  for  ourselves  the  problem  of  studying  the  physicochemical  properties  of  the  cal¬ 
cium  peroxotungstates. 

Preparation  of  Calcium  Peroxotungstates 

White  CaWOfi  •  nH20  and  yellow  CaWOg  •  nHgO  are  not  very  stable  compounds;  the  two  products  can  be  isolated 
only  under  low -temperature  conditions  and  the  preparation  of  CaWOg  is  carried  out  with  greater  cooling. 

As  the  starting  material  for  the  preparation  of  the  calcium  peroxotungstates  we  used  calcium  tungstate  CaW04, 
which  was  obtained  by  an  exchange  reaction  between  saturated  solutions  of  calcium  chloride  and  sodium  tungstate. 

The  CaW04  was  freed  of  impurities  by  repeated  washing  with  twice -distilled  water. 

Preparation  of  CaWOg.  Calcium  tungstate  was  added  in  small  portions  with  continuous  stirring  to  55*70  hydrogen 
peroxide  cooled  with  dry  ice. 

To  accelerate  the  reaction  and  avoid  supercooling,  the  reaction  mixture  was  periodically  taken  from  the  dry 
ice  and  warmed  to  -5  to  0°.  Above  this  temperature  decomposition  of  the  product  takes  place  rapidly. 

For  full  completion  of  the  reaction  the  mixture  was  left  in  the  dry  ice  for  2-2.5  hours  and  after  this  it  was 
filtered,  with  intense  cooling,  from  the  unreacted  tungstate.  The  CaWOg  was  readily  soluble  in  water  and  was  con¬ 
tained  in  the  filtrate  (it  was  also  necessary  to  greatly  cool  the  flask  for  the  filtrate).  The  CaWOg  was  precipitated 
from  the  filtrate  by  very  cold  alcohol.  Coarse  yellow  needle-shaped  crystals  immediately  precipitated  and  were 
filtered  off,  also  with  strong  cooling.  The  material  obtained  was  washed  6-8  times  with  cold  alcohol  and  was  analyzed 
for  peroxide  oxygen,  calcium,  and  tungsten.  The  analyses  showed  that  the  CaWOg  obtained  by  this  method  was  of 
satisfactory  purity. 

Preparation  of  CaWOg  •  nH20.  The  white  calcium  peroxotungstate  CaWOg  •  nHgO  was  prepared  in  a  manner 
similar  to  the  CaWOg  [1],  but  with  less  cooling.  Analyses  of  the  white  product  showed  that  its  composition  cc«re- 
sponded  exactly  to  the  formula  CaWCfe  •  nH20. 

F::perimental  Methods 

The  investigation  of  the  kinetics  of  decomposition  of  the  calcium  peroxotungstates  and  the  electroconductivity 
of  their  solutions  was  carried  out  simultaneously  for  the  same  reaction  mixture. 

For  this  purpose  we  used  a  flask  with  sealed -in  polished  platinum  electrodes,  since  it  had  been  established  in 
advance  that  smooth  platinum,  in  contrast  to  platinum  black,  does  not  catalyze  the  decomposition  of  HgO^;  it  also 
does  not  affect  the  decomposition  of  peroxide  compounds  (the  kinetic  curves  obtained  with  polished  platinum  elec¬ 
trodes  and  without  them  are  superimposed). 

The  kinetics  of  the  decomposition  was  studied  volumometrically,  and  the  electroconductivity  was  recorded 
during  the  course  of  the  entire  catalytic  process  after  each  2  ml  of  oxygen  that  was  evolved.  The  measurements 
were  made  with  the  aid  of  a  type  R-38  slide -wire  bridge,  using  an  EO-6M  oscillograph. 

The  results  of  the  kinetic  and  electroconductivity  measurements  are  shown  graphically. 
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Investigation  of  Kinetics  of  Decomposition  of  CaWOg  •  nH20  and  CaWOg  ’  nH20  and 
Electroconductivity  of  Solutions 

The  experiments  were  carried  out  under  the  following  conditions:  a)  at  different  temperatures,  b)  at  different 
acidity  and  alkalinity  of  the  medium,  and  c)  with  different  amounts  of  the  materials. 


In  Fig.  1  the  results  of  measurement  of  the  rate  of  decomposition  of  CaWOg  in  neutral  medium  at  different 
temperatures  are  shown  (the  rate  of  decomposition  V  is  expressed  in  moles/liter  ‘min  of  0^  evolved).  The  amounts 

of  the  product  used  for  this  whole  series  of  experiments  were  about 
0.7  g,  which  corresponds  to  approximately  0.12  M  solutions  calcu¬ 
lated  for  free  H20^.  In  this  figure  the  curves  foi  the  measurement 
of  electroconductivity  of  the  solutions  at  the  time  of  the  experi¬ 
ments  also  are  shown. 
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Fig.  1.  Change  in  rate  of  decomposition  of 
CaWO^  (Curves  1-3)  and  electroconductivity 
of  solutions  (Curves  l’-3').  1,1’)  25’;  2,2') 
35’;  3,3’)  45’. 


From  Fig.  1  it  is  seen  that  the  kinetic  curves  have  breaks, 
after  which  they  correspond  approximately  to  a  first  order  equation; 
the  electroconductivity  curves  pass  through  a  clearly  expressed 
maximum.  The  change  in  the  rate  of  decomposition  of  CaWOg  when 
the  temperature  is  increased  obeys  Vant  Hoffs  rule. 

To  characterize  the  temperature  relationship  of  the  rate  of 
decomposition  of  the  white  calcium  peroxotungstate  the  values  of 
the  temperature  coefficients  y  and  the  energy  of  activatfbn  E  were 
found.  The  average  value  of  the  energy  of  activation  for  the  process 
of  decomposition  of  CaWO^  was  26.0  kcal,  y  =  4. 

The  combination  of  facts  obtained  convinced  us  that  in  the 
process  of  decomposition  of  CaWOg  there  appears  in  the  solution  a 
new  peroxide  compound  which  in  all  probability  is  CaWOg.  This 
is  indicated  by  the  breaks  in  the  kinetic  curves.  The  constant  of 
decomposition  of  CaWOg  is  less  than  the  constant  of  decomposition 
of  CaWC\.  The  formation  of  CaWOg  in  the  solution  may  be  ac¬ 
complished  in  two  ways: 


a)  CaWOg  +  II2O  CaWOg  i  HjOg. 
b)  2CaWOo  —  2CaW05  O.^. 


The  compound  CaWOg  is  readily  soluble  and  has  a  high  electroconductivity,  therefore  the  electroconductivity 
increases  as  the  CaWC^  decomposes.  The  subsequent  decrease  in  electroconductivity  is  explained  by  the  precipi¬ 
tation  of  the  insoluble  salt  CaW04  which  is  formed.  The  study  of  the  kinetics  of  decomposition  and  the  electro - 
conductivity  of  CaWOg  in  acid  and  alkaline  media  showed  that  the  kinetic  curves  under  any  conditions  have  the 
characteristic  breaks  at  the  beginning  of  the  process.  The  rate  of  reaction  increases  with  an  increase  in  pH. 

The  electroconductivity  curves  in  alkaline  medium,  as  also  in  neutral  medium,  pass  through  a  maximum,  while 
in  acid  medium  the  electroconductivity  has  its  greatest  value  at  the  beginning  of  the  process  and  then,  as  the  effec¬ 
tive  concentration  of  the  substrate  decreases,  it  falls,  following  approximately  the  rule  x  =  k  • 

It  is  interesting  to  note  that  the  electroconductivity  in  neutral  medium  is  the  greatest  in  absolute  value.  Addi¬ 
tion  of  acid  OT  alkali  to  a  solution  of  calcium  peroxotungstate  does  not  increase,  but  on  the  contrary  decreases  the 
electroconductivity  of  the  latter.  The  hydrogen  ions  and  hydroxyl  ions,  entering  into  reaction  with  the  peroxo¬ 
tungstate,  form  less  conductive  products  and  inhibit  the  genesis  of  substances  having  a  high  electroconductivity. 

The  H"*"  and  OH"  ions  have  a  substantial  effect  on  the  mutual  transition  of  peroxo  and  peroxy  compounds  in 
solution,  which  is  reflected  not  only  in  the  absolute  values  of  the  electroconductivity,  but  also  in  the  nature  of  its 
change. 

Thus  when  calcium  peroxotungstate  reacts  with  the  solvent,  the  following  occurs:  a)  formation  of  new  peroxy 
structures  as  a  result  of  peroxo-peroxy  form  transition  b)  formation  of  a  new  lower  peroxide  which  in  all  jwobability 
is  a  peroxide  containing  the  radical  WOg*". 
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H'*’  ions  form  with  peroxotungstate  ions  relatively  stable  and  only  slightly  dissociated  acid  peroxotungstates 
or  weak  peroxo  acids.  OH"  ions  inhibit  the  formation  of  highly  conducting  particles  in  the  solution;  they  may  suppress 
the  hydrolysis  of  the  peroxo  salt,  being  themselves  consumed  in  the  process. 

The  curves  of  Fig.  2  reflect  the  kinetics  of  decomposition  and  the  electroconductivity  of  CaWOg  in  neutral 
aqueous  solution  at  different  temperatures.  In  the  figure  the  results  are  given  for  two  series  of  experiments  carried 
out  with  two  different  samples  of  the  product.  Curves  1-5,  which  express  the  relationship  of  the  rate  of  reaction  to 
the  concentration  of  the  substrate,  do  not  have  initially  those  breaks  which  are  so  characteristic  of  CaWO^  (only 
Curve  6  has  a  smooth  bend  characteristic  of  a  2nd  order  reaction).  This  circumstance  is  associated  with  the  fact  that 
in  this  case  the  formation  of  a  lower  peroxy  compound  is  hindered. 


Fig.  2.  Kinetics  of  decomposition  of  CaWOg  (Curves  1-6)  and  electroconductivity 
of  solutions  (Curves  1' -6’).  Sample  0.5  g:  1,1’)  25°;  2,2’)  35°;  3)  45".  Sample 
1.5  g:  4,4’)25°;  5,5’)35°;  6,6’)45. 

The  values  of  E  and  y  for  CaWOg  do  not  depend  on  the  temperature.  But  the  energy  of  activation  and  the 
temperature  coefficient  do  not  maintain  strict  constancy  with  a  change  in  the  effective  concentration  of  the  substrate 
and  increase  as  the  latter  decreases.  The  energy  of  activation  and  the  temperature  coefficient  for  the  decomposition 
o^  CaWOg  on  the  average  is  E  =  20  kcal,  y  =  3.  it  is  characteristic  that  E  and  y  for  CaWOg  have  smaller  values  than 
for  CaWC^. 

The  kinetic  curves  1,  2,  and  3  (Fig.  2)  obtained  with  small  samples  do  not  coincide  with  the  corresponding 
curves  4,  5,  and  6  for  large  samples,  and  at  any  temperature  they  are  located  higher.  The  disagreement  of  the  curves 
noted  is  a  result  of  the  stepwise  decomposition  of  CaWOg  in  solution  and  the  absence  of  instantaneous  establishment  of 
equilibrium  between  the  calcium  peroxotungstate  and  the  solvent. 

Curves  1’  and  2’  for  the  change  in  electroconductivity  of  CaWOg  solutions  corresponding  to  small  samples  are 
parallel  to  the  abscissa  axis  at  the  beginning  of  the  process,  then  the  electroconductivity  increases,  passing  through  a 
maximum.  In  contrast  to  the  curves  for  solutions  of  CaWC^,  the  maxima  in  Curves  1’  and  2’  of  Fig.  2  are  located 
close  to  the  origin  of  the  coordinates.  The  course  of  the  curves  shows  that  when  CaWOg  decomposes,  CaWOfe  is  formed, 
which  then  goes  over  to  CaWOg  and  finally  to  CaW04. 
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An  entirely  different  picture  is  given  by  the  curves  for  the  electroconductivity  with  large  samples  of  CaWOg. 
While  the  kinetic  curves  differ  almost  not  at  all  from  the  curves  for  the  first  series  of  experiments,  the  Curves  4*, 

5’,  and  6'  for  the  change  in  electroconductivity  of  large  samples  of  the  peroxo  salt  are  very  unique,  unlike  any  known 
in  the  literature  for  peroxy  compounds;  the  curves  for  the  electroconductivity  of  the  solutions  pass  first  through  a 
minimum,  then  through  a  maximum. 

To  clarify  the  reasons  for  such  a  change  in  the  electroconductivity,  a  series  of  experiments  was  carried  out  on 
the  measurement  of  the  molar  electroconductivity  of  CaWOg  and  CaWOg  at  different  dilutions.  It  proved  to  be  possible 

to  carry  out  this  series  of  experiments  at  low  temperature.  The  data 
from  the  investigations  carried  out  permit  an  explanation  of  the  ob¬ 
served  course  of  the  change  in  electroconductivity  of  the  calcium  per- 
oxotungstates  in  solution. 

Change  in  Electroconductivity  of  Solutions  of  Cal¬ 
cium  Peroxotungstates  with  Dilution 

It  can  be  seen  from  the  above  discussion  that  the  stability  of  the 
calcium  peroxotungstates  in  aqueous  solution  depends  greatly  on  the 
temperature.  At  room  temperature  CaWOg  and  CaWOg  decompose 
vigorously  with  the  evolution  of  0^.  The  decomposition  of  these  com¬ 
pounds,  however,  practically  ceases  at  0*.  In  the  first  minutes  of  the 
reaction  of  the  hydrates  of  CaWOg  and  CaWOg  with  water  at  0*  an  in¬ 
significant  amount  of  0^  is  given  off,  and  subsequently  the  evolution 
of  oxygen  is  greatly  slowed  down. 

The  relative  stability  of  the  hydrates  of  CaWOg  and  CaWOg  in  a- 
queous  solution  at  0'  permitted  investigation  of  their  electroconduc¬ 
tivity. 

It  turned  out  that  the  electroconductivity  of  both  CaWOg  and 
CaWOg  changes  with  time.  It  is  interesting  that  the  electroconductivity 
of  CaWOg  with  respect  to  the  extent  that  it  is  present  in  the  solution 
first  Increases,  then  after  some  time  takes  on  a  constant  value.  In 
contrast  to  this,  the  electroconductivity  of  CaWOg  at  first  decreases, 
after  which  it  assumes  a  constant  value. 

The  different  change  in  electroconductivity  of  the  calcium  peroxotungstates  with  time  in  the  absence  of  their 
decomposition  with  evolution  of  O^  indicates  that  these  products  react  with  water  with  the  appearance  of  other  prod¬ 
ucts.  The  following  reactions  can  be  assumed; 

a)  CaWOg -I-  IloO  CaWOg  •  11^02 

CaWOg -f  H2O2. 

b)  CaWOg -f21l20  CaWOg  +  2H2O2. 

The  products  of  the  hydrolysis  reaction  (b)  have  a  lower  electroconductivity  in  comparison  with  (a);  the  for¬ 
mation  of  the  peroxide  CaWOg,  which  has  a  high  electroconductivity,  is  hindered  here  under  conditions  of  an  excess 
of  MgC^.  The  establishment  of  a  constant  value  of  the  electroconductivity  of  solutions  of  CaWO^  and  CaWOg  corre¬ 
sponds  to  the  attainment  of  equilibrium  with  respect  to  the  above  equations  (a,  b). 

These  data  explain  the  appearance  of  a  minimum  and  maximum  for  the  electroconductivity  in  the  curves  of 
Fig.  2  and  of  a  maximum  in  the  curves  of  Fig.  1. 

If  the  assumptions  stated  are  true,  then  the  molar  or  equivalent  electroconductivity  in  the  range  of  small  con¬ 
centrations  of  these  peroxides  should  increase  sharply  with  dilution. 

The  data  on  the  change  in  molar  electroconducitivity  with  dilution  V  are  presented  in  Fig.  3.  Dilution  of 
the  solutions  was  carried  out  both  before  and  after  establishment  of  a  constant  value  of  the  electroconductivity.  In 
spite  of  the  great  dilution,  the  electroconductivity  as  a  function  ;i  of  V  increased  continuously  and  did  not  reach  a 
limit -an  asymptotic  course  was  not  observed  for  the  curves  for  solutions  of  CaWOg  and  CaWOg. 


V  (liters) 


i  ig.  3.  Change  in  molar  electroconduc¬ 
tivity  of  solutions  of  calcium  peroxo¬ 
tungstates  with  dilution.  1,  2,  3)  CaWO^; 
4)  CaWOg. 
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One  other  peculiarity  in  the  behavior  of  the  calcium  peroxotungstates  consists  in  the  unusually  sharp  increase  In 
molar  electroconductivity  with  dilution. 

For  CaWOg  the  ratio  :  M32  is  approximately  5,  and  for  CaWOg  it  somewhat  exceeds  5. 

If  Ostwald's  rule  is  applied  formally  to  our  case,  then  it  follows  that  CaWO^  and  CaWOg  dissociate  into  5  ions. 

The  absolute  values  of  /i  for  CaWC\  and  CaWOg  at  V  =  1024  liters  are  approximately  110  and  140,  Indicating 
that  when  CaWC\  and  CaWOg  dissociate  two  ions  are  formed. 

The  data  on  the  electroconductivity  leads  us  to  the  conclusion  that  the  degree  of  dissociation  for  CaWO^  and 
CaWOg  is  relatively  small,  but  it  increases  ^arply  with  dilution.  It  is  essential  that  in  the  course  of  dilution  sub¬ 
stances  are  formed  which  have  a  high  electroconductivity. 

This  explains  the  agreement  of  the  data  obtained  with  Werner's  rule  and  their  deviation  from  Ostwald's  rule. 

One  of  our  assumptions  proved  to  be  easy  to  verify  by  direct  experiments.  For  this  purpose  we  carried  out 
cryoscopic  measurements  on  solutions  of  CaWOg.  We  were  able  to  determine  the  degree  of  dissociation  practically 
at  dilutions  of  32  and  48  liters.  It  actually  proved  to  be  small  and  approximately  equal  to  0.116  and  0.165,  res¬ 
pectively;  the  dissociation  constant  for  CaWOg  was  about  5.8  •  10"*. 

SUMMARY 

1.  The  calcium  peroxotungstates  CaWOe  •  nH20  and  CaWOg  •  nH20  have  been  synthesized  in  rather  pure  con¬ 
dition. 

2.  The  kinetics  of  the  decomposition  and  the  electroconductivity  of  the  calcium  peroxotungstates  have  been 
studied  in  solution  under  different  conditions.  The  curves  for  the  decomposition  of  CaWC\  have  breaks,  but  the  cur¬ 
ves  for  the  change  in  electroconductivity  pass  through  a  maximum.  The  curves  for  the  change  in  electroconductivity 
of  CaWOg  are  unique:  they  have  contiguous  maximum -minimum -maximum. 

3.  The  energy  of  activation  has  been  calculated  for  the  decomposition  reaction  of  both  peroxotungstates. 

4.  The  molar  electroconductivity  of  the  peroxotungstates  has  an  anomalous  course  with  dilution.  The  ob¬ 
served  phenomena  depend  on  the  consecutive  transformation  of  the  peroxide  compounds  investigated. 
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In  the  preceding  communication  [1]  methods  were  described  for  the  synthesis  of  calcium  peroxotungatates  and 
the  results  were  discussed  of  a  study,  in  solution,  of  the  kinetics  of  their  decomposition  and  their  electroconductivity 
under  different  conditions  of  pH,  temperature,  and  concentration. 

The  present  communication  is  devoted  to  an  investigation  of  the  dehydration,  thermography,  and  heat  effects 
of  decomposition  of  the  calcium  peroxotungstates  and  also  to  a  study  of  the  kinetics  of  decomposition  and  the  elec¬ 
troconductivity  of  solutions  of  the  dehydrated  peroxotungstates. 

Dehydration  of  Calcium  Peroxotungstates 

The  object  of  the  experiments  on  dehydration  was  the  elucidation  of  the  nature  of  the  connection  of  the  per¬ 
oxide  groups  in  the  products  under  Investigation.  True  peroxides  usually  are  dehydrated  without  loss  ofoxygen,  but 
peroxyhydrates  with  a  loss  of  water-  simultaneously  lose  the  peroxide  oxygen. 

The  reactions  proposed  by  Riesenfeld  and  Wllstetter  for  distinguishing  peroxo  compounds  from  peroxyhydrates 
in  general  are  unreliable  and  do  not  give  well  defined  results.  These  reactions  do  not  solve  the  problem  of  the  rela¬ 
tively  mixed  peroxides  containing  peroxooxy  groups. 

In  order  to  study  the  dehydration  of  the  calcium  peroxotungstates  we  placed  them  in  a  vacuum  desiccator  on 
filter  paper  over  P2O5  and  kept  them  there  for  a  long  time.  Samples  were  taken  periodically  for  analysis  of  their 
water  and  peroxide  oxygen  contents  [2].  The  desiccator  with  the  white  peroxotungstate  over  P2O5  was  at  room  tem¬ 
perature,  and  that  with  the  yellow  peroxotungstate  was  placed  in  the  freezing  compartment  of  a  refrigerator. 

The  results  of  the  experiments  showed  that  the  white  product  under  these  conditions  lost  water  relatively  rapidly, 
while  the  peroxide  oxygen  content  was  unchanged.  Upon  reaching  3  moles  of  water  per  mole  of  CaV/Ofe  the  de¬ 
hydration  sharply  slowed  down,  and  at  a  content  of  1  mole  of  H2O  per  mole  of  CaWOfe  the  loss  of  water  was  retarded 
still  more. 

Right  up  to  the  formation  of  the  product  corresponding  to  the  formula  CaWC^  •  H2O  the  peroxide  oxygen  was 
completely  retained  In  the  molecule.  Upon  further  dehydration,  however,  peroxide  oxygen  was  lost  along  with  the 
loss  of  water.  It  is  essential  to  note  that  the  water  was  lost  more  rapidly  than  the  peroxide  oxygen.  The  absence  of 
parallelism  in  the  loss  of  the  number  of  moles  of  H2O  and  the  number  of  moles  of  peroxide  and  the  obvious  retar¬ 
dation  in  the  loss  of  the  latter  gives  us  reason  to  consider  that  the  white  peroxotungstate  CaWOfe  •  H2O  is  a  true  per¬ 
oxide.  The  more  intense  dehydration  of  CaWOs  •  H2O  over  a  long  time  led  to  the  formation  of  a  product  containing 
0.5-0. 4  mole  of  water  and  0.5  mole  of  peroxide  Cfe  per  gram  ion  of  calcium,  which  corresponds  to  the  formula  CaWOg 
•  0.5  H2O.  These  experiments  afford  a  basis  for  supposing  that  in  the  course  of  dehydration  the  probability  of  transi¬ 
tion  of  the  peroxo  form  to  the  peroxy  form  is  not  excluded  and  that  the  compound  CaWOg  •  H2O  may  have  an  isomeric 
form  of  the  composition  CaWOj  •  H2O2. 

The  yellow  product  of  the  composition  CaWOg  •  nH20  behaved  uniquely  on  dehydration;  the  ratio  of  the  num¬ 
ber  of  moles  of  CaW04  to  in  it  was  maintained  at  1  ;  2  while  n  ^  8;  upon  being  kept  in  the  refrigerator  it  lost 
0.25-0.3  mole  of  peroxide  oxygen.  The  loss  of  the  indicated  amount  of  peroxide  took  place  during  continuous 
drying  of  the  product  over  P2O5. 

With  a  water  content  from  8  to  3  moles,  the  ratio  of  the  number  of  moles  of  CaW04  ;  was  1  :  1.75,  which 
corresponds  to  the  formula  CaWOy.g  •  3H2O  or  2CaW07  •  5H2C^.  The  product  of  such  composition  could  be  stored  in 
the  refrigerator  for  a  rather  long  time.  Further  dehydration  of  CaW07.5  •  3H2O  was  obviously  retarded.  Upon  de- 
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TABLE  1.  Temperatures  to  which  the  Extreme  Points  on  the  Ther¬ 
mograms  of  the  Compounds  Investigated  Correspond 


Compound 

Exother¬ 

mic 

effect 

Endothermic 

effect 

Beginning 
of  maxi¬ 
mum 

CiiW  ( •  n  II  .t* 

'16° 

103'’ 

V'jO 

CnW  0,.  .  311.0 

(w 

1 06 

16 

CaW  0,.  .  11.^0 

7r> 

Inconspicuous 
~  120 

70 

hydration  or  even  upon  slight  heating,  CaWOg  •  nH20  and  CaWOy  5  •  3H2O  loss  peroxide  oxygen  simultaneously  with 
the  loss  of  water. 

The  observations  carried  out  lead  to  the  conclusion  that  the  yellow  peroxides  are  peroxyhydrates  of  the  white 
lower  peroxo  compounds,  and  consequently  they  must  be  regarded  as  the  mixed  peroxooxy  compounds  2CaW06  • 

•  3H2O2  •  3H2O  and  CaWOfe  •  2H2O2  •  GHjO. 

Thermographic  Observations 

The  basis  for  a  broad  thermographic  investigation  of  the  peroxides  was  laid  by  the  research  of  S.  Z.  Makarov  et 
al.  [3], 

The  calcium  peroxotungstates  CaWC\  •  H2O,  CaWC\  •  3H2O,  and  CaWOg  •  nH20  were  subjected  to  thermo¬ 
graphic  observation  with  the  photorecording  pyrometer  of  N.  S.  Kurnakov.  Chemically  pure  potassium  bichromate 
served  as  the  standard.  A  weighed  sample  of  about  0,2 -0.4  g  of  the  product  was  used.  The  temperature  was  measured 
with  a  copper -constantan  thermocouple.  Measurement  of  the  temperature  was  carried  out  over  the  course  of  100- 
120  minutes.  Parallel  experiments  showed  satisfactory  agreement  of  the  results. 

The  thermograms  for  these  products  have  a  maximum  and  minimum  (Table  1);  consequently,  for  each  product 
they  show  the  presence  of  two  effects -exothermic  and  endothermic. 

The  exothermic  effect  is  associated  with  the  destruction  of  the  peroxide  groups,  and  the  endothermic  is  due  to 
the  removal  of  water. 

The  data  in  Table  1  permit  the  assumption  that  all  three  products  have  the  same  basic  core  of  peroxide  nature, 
most  likely  CaWOg. 

For  CaWOg  •  nHgO  at  a  temperature  of  about  58-60*  there  is  a  small  second  exothermic  effect,  which  is  a 
supplement  or  prolongation  of  the  first.  This  fact  confirms  the  previous  conclusion  that  in  the  yellow  higher  per¬ 
oxides  the  nature  of  the  bonds  of  the  peroxides  groups  is  not  the  same;  in  other  words,  the  yellow  products  contain 
peroxo  and  peroxy  groups. 

The  maxima  for  CaWOg  *  3H2O  and  particularly  for  CaWOg  •  nH20  are  considerably  higher  than  for  CaWC^ 

HgO  and,  as  can  be  seen  from  the  data  of  Table  1,  the  beginning  of  the  maximum  for  the  last-named  ccnnpound 
corresponds  to  a  different  temperature  than  for  the  first  two. 

To  interpret  the  thermograms,  the  calcium  peroxotungstates  were  placed  in  quartz  test  tubes  connected  with  a 
volumometer  and  were  heated  at  the  temperatures  indicated  in  Table  1.  The  contents  of  the  test  tubes  were  analyzed 
for  peroxide  oxygen,  water,  and  dry  residue;  the  last  in  all  cases  represented  normal  calcium  tungstate.  These  experi¬ 
ments  showed  agreement  with  the  data  obtained  by  thermographic  investigation  of  the  compounds. 

Relation  of  the  Properties  of  the  Peroxo  Salt  to  the  Difference  in  Its  Water  Content 

The  white  calcium  peroxotungstate  CaWC\  •  nHgO  was  first  dehydrated  to  a  value  of  n  equal  to  3,  2,  1,  and 
even  less  than  1,  then  specific  gravities  were  determined  for  these  hydrates,  the  kinetics  of  their  decomposition  and 
their  electroconductivity  were  studied,  and  the  heat  effects  of  decomposition  were  determined. 

The  specific  gravities  were  determined  in  a  pycnometer  with  carbon  tetrachloride.  The  following  values  were 
obtained  for  the  specific  gravities:  for  CaWC^  •  3H2O  d  3.8892;  for  CaWOg  •  2H2O  d  4.3205;  for  CaWOfe  *  H20  d  4.3330. 
With  a  decrease  in  the  water  content  of  the  molecule  of  the  peroxide  the  specific  gravity  increased. 
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The  kinetics  of  decomposition  and  the  electroconductivity  of  the  peroxohydrates  were  investigated  in  aqueous 
solution.  It  might  seem  that  die  products  that  had  been  dehydrated  to  different  degrees  should  on  contact  with  water 
be  hydrated  and  as  a  result  of  this  the  kinetic  curves  for  CaWOfe  •  H2O,  CaWCfe  •  2H2O,  and  CaWOg  •  3H2O  should  be 

superimposed  on  one  another;  similarly  the  value  of  the 
electroconductivity  for  all  these  hydrates  in  solution  should 
be  the  same.  Our  experiments,  however,  showed  an  entirely 
different  picture  than  might  be  expected.  In  the  figure 
shown,  the  values  represented  on  the  ordinate  axis  are;  v, 
the  rate  of  decomposition  expressed  in  moles/ liter  •  min  of 
oxygen  evolved,  and  x,  the  specific  electroconductivity  In 
ohms**  •  cm**;  on  the  abscissa  axis  is  c,  the  concentration 
of  the  peroxohydrate  in  moles/ liter  calculated  as  H20^. 

The  volume  of  the  reaction  mixture  in  all  cases  was  40  ml. 

It  is  seen  from  the  figure  that  the  curves  for  the  change 
in  electroconductivity  (Curves  1’,  2’,  3')  have  a  maximum, 
and  the  greater  the  water  content  of  the  product,  the  mcHre 
clearly  this  maximum  is  expressed.  The  absolute  value  of 
the  electroconductivity  increases  with  an  increase  in  the 
number  of  moles  of  H2O  in  the  peroxohydrate. 

The  kinetic  curves  1  and  2  are  superimposed  on  each 
other,  i.e.,  at  n  2:  2  the  presence  of  the  water  does  not  exert 
any  effect  on  the  nature  of  the  kinetic  curves  nor  on  the 
absolute  rate  of  decomposition  of  the  product  in  solution.  At 
n  ^  1  the  product  decomposes  in  solution  at  35°  so  violently 
that  investigation  of  it  at  this  temperature  proved  impossible. 
Even  at  0°,  as  kinetic  curve  3  shows,  the  rate  of  decomposi¬ 
tion  of  CaWOg  .  H2O  was  many  times  greater  than  that  of 
CaWOg  •  3H2O  and  CaWOg  •  2H2O  at  35°.  From  this  it  follows 
that  CaWCfe  •  H2O  has  a  special  structure  and  a  different 
type  of  recombination  of  the  peroxide  oxygen  atoms  on  reaction  with  the  solvent  in  comparison  with  the  p>eroxohy- 
drates  for  which  n  >  2. 

If  the  decomposition  of  the  peroxides  at  n  &  2  is  of  consecutive  nature  and  considerable  amounts  of  free  H20^ 
are  formed  in  solution,  then  the  decomposition  of  CaWOg  *  II2O  to  the  normal  salt  is  completed  almost  at  one  stroke. 
Free  H2O2  here  is  formed  in  relatively  small  amount.  As  a  result  of  the  fact  that  the  lower  intermediate  peroxide  and 
free  H20^  are  formed  much  more  easily  from  the  more  hydrated  peroxohydrates,  the  break  in  the  kinetic  curve  for  the 
decomposition  of  CaWOg  •  H2O  occurs  at  the  end  of  the  experiment,  while  for  the  other  peroxohydrates  the  break  is 
observed  at  the  beginning  of  the  process. 

Experiments  carried  out  showed  directly  now  great  an  effect  the  degree  of  hydration  and  peroxyhydration  of  the 
intermediate  products  have  on  the  decomposition  constant  of  these  compounds  during  catalysis  in  solutions  [2]. 

Determination  of  Thermal  Effects  of  Decomposition  of  Calcium  Peroxotungstates 

For  the  determination  of  the  thermal  effects  of  decomposition  of  the  calcium  peroxotungstates  their  reaction 
with  potassium  permanganate  in  acid  medium  was  employed.  This  method  had  been  used  previously  for  thermo - 
chemical  investigations  of  peroxides  [4,  5].  In  reference  [5]  the  methods  of  thermochemical  investigation  are  de¬ 
scribed  in  detail. 

The  experiments  were  carried  out  in  an  adiabatic  calorimeter  using  an  accurate  electromeasuring  apparatus. 
Correction  was  made  for  radiation  in  all  the  experiments  by  Bunte’s  formula.  The  error  of  the  experiments  did  not 
exceed  l.Slo, 

Most  frequently  a  sample  of  about  0.5  g  of  the  yellow  product  and  about  1  g  of  the  white  product  was  used; 

Ch+  =  Cj^Mn04“  elevation  in  temperature  was  0.4-0. 6°. 

The  thermal  effect  Q  which  was  sought  for  the  decomposition  of  the  calcium  peroxotungstates  was  calculated 
by  Hess'  law  0  =  Qfe  -Qi.  The  values  of  the  thermal  effects  of  the  reaction  of  H2O2  with  KMn04  (Qj)  and  of  the 


80 


60^ 


I4O 


20 


Relation  of  electroconductivity  and  rate  of  decom  - 
position  of  CaWC\  to  different  water  content  of  the 
molecule  of  the  starting  compound.  At  35°:  1,  1') 
CaWOg  •  3H2O;  2,  2')  CaWOg  •  2H2O.  At  0°:  3,  3’) 
CaWCfe  •  lljO. 
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SCaWOg  •  .llloO-f  4KMHO4  I  6ll2S04=r.raVV04-|-4MnS()4  }  2K.2SO4  (  10; »2  1-2111.0 
SCaVVOg  .  3H2O  f  8KMHO4  -H  12n2S()4  =r)(:aVV()4  -t-  8M11SO4  4-  4K2SO4  -i- 

+20O2  -h  27H2O 

CaWOfe  •  H2O  behaves  entirely  differently  in  acid  solution  of  permanganate.  Tlie  amount  of  C\  given  off  in 
this  case  is  approximately  1/2.1  that  which  should  be  obtained  in  an  oxidizing -reducing  reaction  of  CaWOg  •  H2O 
with  KMn04. 

hi  this  case  the  amount  of  given  off  corresponds  approximately  to  the  reaction  CaWC^  •  H2O  -*  CaW04  + 

+  +  H2O  (3). 

The  process  of  decomposition  of  this  product  is  completed  very  rapidly.  Consequently  CaWOg  •  H2O  behaves  in 
permanganate  solution  the  same  as  in  pure  water.  Calcium  peroxotungstate  of  the  composition  CaWOg  •  2H2O  possibly 
reacts  according  to  reaction  (1)  and  partially  according  to  scheme  (3).  Therefore  the  values  of  0  given  in  Table  2 
for  CaWOg  •  1120  and  CaWOg  •  21I2O  are  the  minimum  thermal  effects  for  their  decomposition,  while  the  values  of  0 
for  CaWC\  •  3H2O  and  CaWOg  •  3II2O  are  true  ones. 

Taking  into  consideration  the  fact  that  CaWOg  •  3II2O  reacts  mainly  according  to  scheme  (3),  we  can  calculate 
the  thermal  value  for  this  product  directly  without  using  Mess’  law.  It  is  37.4  kcals/  mole.  The  value  obtained  for  the 
heat  of  decomposition  of  CaWOg  •  HgO  is  very  approximate. 

2 

On  the  basis  of  the  thermal  effects  obtained,  the  values  for  the  bond  energy  of  the  peroxide  oxygen  with  WO4 
were  calculated  and  were  found  to  be  43.64,  38.95  and  39.80  kcals/ mole  forCaWOg  •  31I2O,  CaWOg  •  3II2O,  and  CaWOi- 
•  H2O,  respectively. 

In  conclusion  it  should  be  noted  that  the  thermochemical  investigations  have  shown  the  usefulness  of  the  in¬ 
direct  method  employing  potassium  permanganate  to  determine  the  thermal  effects  of  decomposition  of  the  most 
highly  hydrated  calcium  peroxotungstates. 

The  experiments  carried  out  confirm  the  idea  that  the  peroxo  compounds  decompose  most  rapidly  not  through 
reciprocal  deoxidation  of  the  peroxides  (which  in  general  is  not  excluded),  but  by  direct  splitting  off  of  oxygen  from 
the  molecule  of  the  peroxide  compound. 

In  the  process  of  dehydration  of  the  peroxides  the  nature  of  addition  of  the  peroxide  0^  in  the  molecule  of  the 
basic  compound  changes  and  therefore  its  structure  and  properties  become  different.  The  greater  the  water  content 
of  the  molecule  of  the  compound,  the  more  easily  it  forms  peroxyhydrates  in  solution. 

In  conclusion  we  express  our  hearty  thanks  to  I.  A.  Pusinov  for  making  the  thermographic  measurements. 

SUMMARY 

1.  The  complete  composition  of  the  calcium  peroxotungstates  has  been  determined.  The  yellow  peroxides 
are  mixed  peroxooxy  compounds,  and  the  white  CaWOg  •  HgO  Is  a  true  peroxide. 

2.  It  has  been  demonstrated  that  dehydration  can  essentially  change  the  properties  and  structure  of  peroxides. 
The  less  water  the  calcium  peroxotungstate  contains,  the  greater  is  its  rate  of  decomposition  and  the  less  its  elcc- 


(1) 

(2) 
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troconductivity.  It  has  been  established  that  CaWOj  .  H20  differs  sharply  from  the  other  hydrates  and  does  not  react 
with  KMn04  like  an  ordinary  peroxide,  but  decomposes  in  it,  as  it  does  in  water,  to  CaW04  and  0^. 

3.  Thermographic  investigations  have  shown  that  for  each  of  the  calcium  peroxotungstates  there  are  two  ther¬ 
mal  effects  -  an  exotherm!  .  one  associated  with  the  destruction  of  the  peroxide  groups,  and  an  endothermic  one  due 
to  the  removal  of  water. 

4.  The  thermal  effects  of  decomposition  and  the  specific  gravities  have  been  determined  for  the  calcium  per¬ 
oxotungstates. 
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Compounds  of  hexavalent  molybdenum,  if  they  do  not  contain  any  other  paramagnetic  center,  as  a  rule  are 
diamagnetic  or  have  weak  paramagnetism  independent  of  temperature.  This  fact  is  explained  by  the  circumstance 
that  hexavalent  molybdenum  does  not  contain  unpaired  electrons.  A  study  of  the  magnetic  susceptibility  of  internal 
complexes  of  molybdenum  (VI)  is  of  Interest  because  up  to  now  the  magnetic  properties  of  compounds  of  hexavalent 
molybdenum  with  organic  materials  have  not  been  investigated. 


Experimental  and  Calculated  Values  of  the  Magnetic  Susceptibility  of  Internal  Complexes  of  Molyb¬ 
denum 


Susceptibility  of  complex 

calc. 

“Xexpt.)  ‘  10® 

Compound 

specific 

molar 

X  r  •  10® 

^expt  * 

Xcalc  •  10® 

Molybdenyl  salicylalanilinate 
(CoIlioONJ^MoCi 

-0.388 

-202.0 

-216.0 

-14.0 

Molybdenyl  salicylal-m-nitro- 
anilinate(Ci3  H903N2)2MoQj 

-0.393 

-236.0 

-234.0 

+  2.0 

Molybdenyl  salicylal-  6-naphthal- 
aminate  (C17H12  ON)2Mo02 

-0.471 

-295.0 

-279.0 

+  16,0 

Molybdenyl  salicylal-p-anlsidinate 

(Ci4n  ]2p2N  JgMoCljj 

-0.380 

-220.0 

-231.0 

-11.0 

Molybdenyl  2 -hydroxy -1- 
naphthalanilinate 

(Ci7Hi20N)2MoC|j  • 

-0.550 

-385.0 

372.0 

+  13.0 

Molybdenyl2-hydroxy-l- 
naphtha  1 -p -nitroa  nilinate 

(Ci7Hua,N2)2MoQj 

-0.440 

-352.0 

-355.0 

-3.0 

Molybdenyl  2 -hydroxy -1- 
naphthal  -p  -anisidinate 
(CjsU  wQt  N  )2  MoC^ 

-0.460 

-314.0 

-308.0 

+  6.0 

Molybdenyl  2-hydroxy-l- 
naphthal  -p  -  iodoanilinate 
(Ci7HuONI)5jMoOfe 

-0.388 

-342.0 

-350.0 

-8.0 

Molybdenyl  2-hydroxy-l-naphthal- 
0  -m  ethoxy  anthraniUnate 
(C  jgH  14O3  N  )2  MoQj 

-0.420 

-310.0 

322.0 

-12.0 

•  As  in  Russian.  Publishers  note. 
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It  naturally  was  expected  that  the  internal  complexes  of  molybdenum  witli  Schlff  bases  which  we  synthesized 
[1]  would  be  diamagnetic.  The  synthesis  of  these  internal  complexes  was  accomplished  by  reaction  of  ether  or  ben¬ 
zene  solutions  of  the  Schlff  base  with  an  ether  solution  of  molybdenum  oxychloride. 

The  nature  of  the  reaction  of  the  molybdenum  with  the  ligands  in  the  internal  complexes  investigated  is  in 
general  little  changed  from  one  Schlff  base  to  another,  since  the  latter  here  have  the  same  type  of  structure.  It 
therefore  is  possible  to  compare  the  experimental  values  of  the  magnetic  susceptibility  with  those  calculated  by  the 
old  magnetochemical  scheme  of  Pascal;  the  molar  magnetic  susceptibility  of  the  internal  complex  can  be  considered 
equal  to  the  sum  of  the  susceptibilities  of  the  molybdenum  ion  and  the  ligands. 

From  the  literature  [2]  it  is  known  that  the  susceptibility  of  molybdenum  oxychloride  is  -22*  lO”®. 

Taking  the  susceptibility  of  the  chlorine  as  Xci  =  ~20.1  •  lO"*  [3],  we  find  the  susceptibility  of  the  molybdenum  ion, 
which  is  +18  •  10"®.  The  susceptibility  of  the  ligands  was  calculated  by  the  old  scheme  of  Pascal,  which  in  spite  of 
the  absence  of  a  strict  physical  basis,  gives  results  that  agree  well  with  the  experimental. 

The  new  magnetochemical  scheme  recently  proposed  by  Ya,  G,  Dorfman  [4,  5]  for  the  calculation  of  the  dia¬ 
magnetic  susceptibility  of  organic  compounds  has  a  theoretically  firm  basis,  but  It  has  been  used  thus  far  only  for 
aliphatic  and  alicyclic  compounds.  Furthermore,  the  magnitude  of  the  polarization  paramagnetism  of  the  magneto - 
phorlc  group  >C  =  N-,  which  occurs  in  the  Schiff  bases,  remains  unknown.  We  therefore  could  not  calculate  the 
diamagnetic  susceptibility  of  the  internal  complexes  under  investigation  by  Dorfman's  method,  which  no  doubt  would 
be  of  great  interest. 

The  magnetic  susceptibility  of  nine  internal  complexes  of  hexavalent  molybdenum  were  measured  by  the  meth¬ 
od  of  Guy  at  room  temperature.  The  results  of  the  measurements  are  given  in  the  table,  from  which  it  can  be  seen 
that  the  calculated  molar  susceptibilities  of  the  molybdenum  complexes  agree  satisfactorily  with  the  experimental 
values.  The  deviations  between  these  values  apparently  is  of  a  chance  nature  and  is  explained  by  experimental  errors 

SUMMARY 

The  diamagnetic  susceptibility  of  nine  internal  complexes  of  hexavalent  molybdenum  has  been  measured. 
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A  general  method  of  preparing  guanyls  of  sulfonic  acids  is  the  condensation  of  the  acid  chlorides  of  tltese  acids 
with  guanidine  in  the  presence  of  alkalies  [1-3]. 


ArSOaCI -[-(NH2)2CNn  ArSOaNHC 


Nil 

Nil. 


/Nil  /Nil 

ArSOaNHC^  +  ArSO,CI  ArSOaNIKL'^ 

\NII2  ‘  \sO2Ar 


Ar=C,H:,  C,.Ht. 


In  studying  the  reaction  of  guanidine  with  a -diketones  [4],  when  the  appropriate  sulfonyl  chloride  was  reacted 
with  guanidine,  we  obtained  cyclohexanesulfoguanyl  (I)  and  m-chlorobenzcnedisulfodiguanyl  (II),  which  have  not 
been  described  in  the  literature. 


SO2NHCNII2 
I  II 
NH 

II  //I-SO2NHCNII2 
II 

Nil 
(II) 

EXPERIMENTAL 

Cyclohexanesulfoguanyl  (I).  To  a  solution  of  5  g  of  guanidine  carbonate  and  3.6  g  of  sodium  hydroxide  in 
20  ml  of  water  was  added  in  portions  5.1  g  of  cyclohexanesulfonyl  chloride.  The  flask  was  shaken  vigorously  for  7- 
10  minutes,  after  which  the  precipitate  that  had  settled  out  was  filtered  off  and  wa^ed  with  water,  alcohol,  and 
ether.  It  was  recrystalUzed  from  water.  M.p.  290-290.5“  (decomp.). 

Found  C  41.30;  H  7.51;  N  20.36.  CyHigtD^NaS.  Calculated  lo-  c  40.99;  H  7.33;  N  20.29. 

m-Benzenedisulfodiguanyl  (11).  A  mixture  of  5  g  of  m -benzenesulfonyl  chloride  and  2.5  g  of  guanidine  car¬ 
bonate  was  triturated  in  a  mortar  and  heated  to  100*,  whereupon  the  mixture  melted  with  the  evolution  of  gas.  The 
cooled  melt  was  dissolved  in  hot  alcohol,  ether  was  added  to  the  solution,  and  it  was  cooled  with  ice  water.  The 
white  precipitate  that  settled  out  was  separated  and  recrystallized  from  isopropyl  alcohol.  M.p.  202*. 

Found  N  19.90;  S  14.15.  C8HBO4N6S2  •  2H2O.  Calculated  <70;  N  19.20;  i  14.90. 

SUMMARY 

Cyclohexanesulfoguanyl  and  m-benzenedisulfodiguanyl  have  been  synthesized. 
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II 

Nil 
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PREPARATION  OF  SUBSTITUTED  ACIDS  THROUGH  THE  FURAN 

DERIVATIVES 

V.  SYNTHESIS  OF  D.L-PROLINE 

A.  P,  Terent’ev,  R.  A.  Gracheva,  and  L.  M.  Volkova 

M.  V.  Lomonosov  Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 

pp.  2826-2828,  September,  1961 

Original  article  submitted  September  28,  1960 


In  previous  communications  [1-3]  it  has  been  shown  tliat  when  benzoyl  derivatives  of  amines  of  the  furan  series 
are  oxidized,  benzoyl  derivatives  of  the  amino  acids  are  formed.  Monobasic  a  -  and  y  -amino  acids  (in  the  form 
of  the  benzoyl  acids)  and  aspartic  acid  have  been  prepared. 

In  the  present  work  we  employed  the  same  route  for  the  preparation  of  a  cyclic  amino  acid,  proline,  by  the 
following  scheme: 


(r.H,co),o 


(Cn.hNH  •  I  Cl 

-cell.,  (VICO  ^  II  }— r.cii2Cii.2N(cn3)2 
II  ■  0^  II  . 

0  0  IICl 

(1) 


KCN 


C,II^COCI 

“  Na  Oir” 


(II) 


(111) 


1.  KMnO, 

TUcF* 


0'  N' 

H 

(IV) 


'—coon 


('o-^ — ^ 
\=/ 
(V) 


a-Acetofuran  was  prepared  by  acylation  of  furan  in  the  presence  of  boron  trifluoro  etherate  [4,  5],  Use  of  the 
Mannich  reaction  for  ketones  of  the  furan  series  has  received  comparatively  little  study.  Aminomethylation  of  aceto- 
furan  has  been  described  in  the  literature  [6],  but  the  yield  of  the  hydrochloride  obtained  was  not  indicated.  We  pre¬ 
pared  6  -(a-furyl)  dimethylaminoethyl  ketone  in  the  form  of  the  hydrochloride  in  68^o  yield.  We  converted  the 
hydrochloride  of  0-(a-ftiryl)  dimethylaminoethyl  ketone  to  (ct-furoyl)- 0  -propionitrile  (11)  by  boiling  an  aqueous  so¬ 
lution  of  the  hydrochloride  of  the  Mannich  base  with  a  double  excess  of  potassium  cyanide  in  acetate  buffer  and  in 
a  cunent  of  nitrogen  and  obtained  the  pure  crystalline  nitrile  (ll)  in  KfJo  yield.  2-Furtylpyrroline  (III)  was  obtained 
11.  S'fJo  yield  by  hydrogenation  of  (2-furoyl)-  0 -propionitrile  with  hydrogen  in  the  presence  of  Raney  nickel  at  room 
temperature  and  atmospheric  pressure  [8],  We  tried  to  convert  2-(a-furyl)pyrroline  (IE)  to  2-(a -furyl)pyrrolidine 
(IV)  under  similar  conditions,  but  it  turned  out  that  this  reaction  goes  very  slowly  and  a  mixture  of  two  compounds 
is  formed,  the  separation  of  which  presents  considerable  difficulties.  We  reduced  the  double  bond  in  2-(a -furyl)pyrro- 
hne  with  lithium  aluminum  hydride  and  obtained  2 -(a -furyl)pyrrolidine  in  85*70  yield.  Oxidation  of  N-benzoyl-2- 
(a-furyl)pyrrolidine  was  carried  out  with  twice  the  theoretical  amount  of  potassium  permanganate  in  alkaline  medium; 
the  N -benzoyl -D,L-proline  obtained  was  hydrolyzed  (without  isolation)  by  boiling  with  dilute  hydrochloric  acid.  The 
total  yield  of  the  two  last  stages  combined  was  61.7*70  (formol  titration).  Free  racemic  proline  was  isolated  with  the 
aid  of  ion  exchange  resin  KU-2.  The  total  yield  of  proline  calculated  on  the  basis  of  the  starting  furan  was  about 
l47o. 
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EXPERIMENTAL 

B-(a-Furyl)  dlmethylamlnoelthyl  ketone  (I),  To  a  mixture  of  80  g  of  acetofuran.  22  g  of  paraform,  58  g  of 
dlmethylamine  hydrochloride,  and  150  ml  of  anhydrous  alcohol  was  added  4-5  drops  of  concentrated  hydrochloric  acid 
and  the  mixture  was  boiled  for  2  hours.  The  white  crystalline  precipitate  that  separated  out  upon  cooling  was  filtered 
off  and  dried.  One  hundred  grams  (66.5%)  of  the  hydrochloride  of  (I)  was  obtained  with  m.p.  177-178*  (from  water) 
[6]. 

B-  (g -Furoyl)propionitrile  (II).  To  a  mixture  of  81.5  g  of  (I)  and  52  g  of  potassium  cyanide  was  added  2850  ml 
of  boiling  buffer  prepared  from  the  calculated  amount  of  6  g  of  acetic  acid  and  8.5  g  of  sodium  acetate  per  liter  of 
water.  The  solution  was  refluxed  in  a  current  of  nitrogen  for  30  minutes.  After  cooling,  yellow  crystals  jivecipitated. 
The  filtrate  after  separation  of  the  precipitate  was  extracted  with  chloroform,  the  solution  was  dried  with  magnesium 
sulfate,  and  the  chloroform  was  distilled  off.  Another  20.5  g  of  nitrile  (II)  was  obtained.  A  total  of  41.9  g  (70.7%) 
was  obtained  with  m.p.  75-76*  (from  alcohol)  [7]. 

2-(a-Furyl)pyrroline  (III).  A  solution  of  5  g  of  B  -(D(-furoyl)propionitrile  in  70  ml  of  methyl  alcohol  was  hy¬ 
drogenated  in  the  presence  of  2  g  of  Raney  nickel.  Six  hours,  after  the  absorption  of  1.5  liters  of  hydrogen,  the  hy¬ 
drogenation  was  stopped  and  the  catalyst  was  filtered  out  and  washed  with  10  ml  of  methyl  alcohol.  After  distilla¬ 
tion  of  the  solvent,  the  2-(a-furyl)pyrroline  remained  in  the  form  of  a  yellow  oil  which  upon  cooling  crystallized 
completely.  Yield  3.9  g  (RTVo),  m.p.  55-56*  (from  petroleum  ether);  picrate,  m.p.  176-177*  (from  alcohol)  [8], 

2-(a-Furyl)pyrrolidine  (IV).  To  a  vigorously  stirred  mixture  of  4  g  of  lithium  aluminum  hydride  in  100  ml  of 
ether  at  -10°  was  added  over  45  minutes  a  solution  of  3.9  g  of  2-(a-furyl)pynoline  (III)  in  50  ml  of  absolute  ether. 
The  cooling  was  stopped  and  the  mixture  was  brought  to  room  temperature  and  refluxed  for  4  hours.  The  residue  of 
lithium  aluminum  hydride  was  decomposed  with  a  saturated  solution  of  potassium  carbonate.  The  ether  layer  was 
separated,  the  residue  was  washed  three  times  with  ether,  and  the  combined  ether  extracts  were  dried  with  fused 
potassium  hydroxide.  The  2-(a -furyl)pyrrolidine  (3.7  g)  was  obtained  in  the  form  of  an  oil.  Yield  8^o.  Picrate, 
m.p.  155°.  Benzoyl  derivative,  m.p.  72-73*  (from  petroleum  ether),  yield  quantitative. 

Found  %:  C  74.69,  74.60;  H  6.58,  6.47;  N  5.80,  5.55.  CisHjsO^N.  Calculated  %:  C  74.68;  H  6.39;  N  5.80. 

D,L-Proline.  To  a  solution  of  1.5  g  of  N-benzoyl-2-(a-furyl)pyrrolidine  in  30  ml  of  acetone  was  added  1  ml 
of  20%  potassium  hydroxide  solution.  The  vigorously  stined  mixture  was  cooled  to  5-10°,  a  solution  of  12.3  g  of 
potassium  permanganate  in  200  ml  of  water  was  added  gradually,  and  the  mixture  was  stirred  for  4  hours  and  left 
overnight.  The  manganese  dioxide  that  had  precipitated  out  was  filtered  off,  the  filtrate  was  evapwated  In  vacuum, 
and  the  dry  residue  was  extracted  with  ether,  dissolved  in  60  ml  of  water,  and  boiled  with  carbon.  To  the  filtrate 
was  added  3  ml  of  concentrated  hydrochloric  acid  and  the  mixture  was  boiled  for  6  hours.  After  cooling,  the  ben¬ 
zoic  acid  that  had  precipitated  was  filtered  off  and  the  filtrate  was  extracted  three  times  with  ether.  In  the  filtrate 
0.429  g  (61.7%)  of  proline  was  detected  by  formol  titration.  The  filtrate  was  passed  through  a  column  with  cation 
exchange  resin  KU-2,  the  resin  was  washed  with  distilled  water  until  there  was  a  negative  reaction  for  chlorine,  and 
the  proline  was  eluted  with  5%  ammonia  solution.  After  evaporation  0.4  g  of  D,L-proline  was  obtained  with  m.p. 
203-204*  (from  anhydrous  alcohol)  [9];  Rf  0.61  (pyridine  :  water  =  80  :  20). 

SUMMARY 

A  method  has  been  developed  for  the  preparation  of  racemic  proline  from  furan. 
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AROMATIC  HYDROCARBONS 


XX.  CHRYSENE 
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pp.  2828-2831,  September,  1961 
Original  article  submitted  October  6,  1960 


In  the  present  work  the  possibility  has  been  investigated  for  using  the  reaction  between  phosphorus  pentoxide 
and  adducts  of  the  diene  synthesis  [1]  for  the  preparation  of  chrysene  and  its  homologs. 

For  the  synthesis  of  chrysene  (III),  we  subjected  to  heating  with  phosphcsrus  pentoxide  the  1,2,3,4,5,6,16,17- 
octahydrochrysenedicarboxylic-1,2  acid  (I),  which  in  turn  had  been  prepared  by  the  hydrolysis  of  the  adduct  of  6- 
cyclohexenylnaphthalene  with  maleic  anhydride.  It  appeared  that  die  acid  (1)  broke  down  only  upon  prolonged  (6- 
7  hours)  gradual  heating  in  a  metal  bath  from  210  to  350*,  forming  (in  ~2(f7o  yield)  3,4,5,6-tetrahydrochrysene*  (II), 
which  was  identified  by  its  melting  point  and  the  melting  point  of  the  picrate,  and  also  by  dehydrogenation  to  chrysene. 
Besides  the  tetrahydrochrysene,  we  isolated  from  the  products  of  the  reaction  with  phosphorus  pentoxide  a  small  amount 
of  chrysene  (HI),  the  formation  which  was  due  (as  shown  by  analysis  of  the  gas  evolved)  to  the  processes  of  dehydro¬ 
genation  and  also  of  decarboxylation  that  occurred  simultaneously  with  the  decarbonylation. 


Chrysene  (III)  was  identified  by  its  melting  point  and  the  melting  point  of  the  product  of  addition  of  1,3,5- 
trinitrobenzene,  and  also  by  its  absorption  spectrum  in  the  UV  region,  which  agreed  fully  with  the  literature  data  [2]. 

For  the  synthesis  of  4,5-dimethylchrysene  (VI)  we  reacted  the  anhydride  of  4,5 -dimethyl -1,2, 3,6 -tetrahydro- 
chrysenedicarboxy lie -17,18  acid  (V)  with  phosphorus  pentoxide.  This  anhydride  (V)  was  prepared  by  a  double  diene 
synthesis:  by  the  reaction  of  ct -vinylnaphthalene  with  bromomaleic  anhydride  (by  heating  in  glacial  acetic  acid  in 
a  stream  of  nitrogen)  the  anhydride  of  3,4-dihydrophenanthrenedicarboxylic-l,2  acid  (IV)  was  obtained,  which  was 
further  used  for  a  diene  synthesis  with  2,3-dimethylbutadiene-l,3  in  the  presence  of  picric  acid  and  phenothiazine. 
From  the  products  of  the  reaction  of  the  anhydride  (V)  with  phosphoms  pentoxide  we  isolated  only  4,5-dimethyl¬ 
chrysene  (VI)  (39^0  yield) (identified  by  analysis). 


Thus  the  intermediately  formed  4,5 -dimethyldihydrochry sene  was  immediately  and  completely  dehydrogenated 
under  the  reaction  conditions,  while  tetrahydrochrysene  (II)  was  only  partially  dehydrogenated. 

*  The  numbering  of  the  carbon  atoms  is  that  employed  in  Elsevier's  encyclopedia. 


The  synthesis  of  2,4,5 -trimethylchrysene  (IX)  was  accomplished  by  a  similar  scheme,  using  as  the  starting 
diene  hydrocarbon  a -propeny Inaphtha lene  instead  of  a-vinylnaphthalene.  We  obtained  by  the  same  double  diene 
synthesis  procedure  the  anhydride  of  2,4,5-trimethyl-l,2,3,6-tetrahydrochrysenedicarboxylic-17,18  acid  (Vin),  but 
upon  heating  this  anhydride  with  phosphorus  pentoxide,  in  contrast  to  the  anhydride  (V),  extensive  tar  formation  oc¬ 
curred  (the  gas  formed  contained  carbon  dioxide),  and  we  did  not  succeed  in  isolating  2,4,5 -trimethylchrysene.  The 
anhydride  (Vni)  was  converted  to  2,4,5 -trimethylchrysene  (IX)  in  66®^  yield  only  by  heating  to  330-340“  in  tiie  pres¬ 
ence  of  a  catalyst  (palladium  on  carbon). 

tar 


(VII)  (vm)  (K) 


^  EXPERIMENTAL 

Chrysene 

6  -Cyclohexenylnaphthalene  was  prepared  by  dehydration  by  heating  with  potassium  bisulfate  of  the  alcohol 
synthesized  by  reaction  of  0 -naphthylmagnesium  bromide  with  cyclohexanone  [3],  M.p.  61.5-62’  (from  alcohol), 
yield  38^. 

Adduct  (I)  from  0  -cyclohexenylnaphthalene  and  maleic  anhydride.  Fifteen  grams  of  0 -cyclohexenylnaphthal¬ 
ene  and  75  g  of  maleic  anhydride  were  refluxed  for  20  hours  on  a  water  bath.  The  reaction  mixture  was  dissolved  in 
2  N  alkali  solution,  the  unreacted  diene  was  extracted  with  benzene,  the  alkaline  solution  was  acidified,  the  precipi¬ 
tate  that  separated  out  was  filtered  off  and  again  purified  by  dissolving  it  in  alkali  and  precipitating  with  acid:  m.p. 
225-230’  (this  adduct  has  been  described  in  the  literature  [3],  isolated  in  the  form  of  the  anhydride  with  m.p.  216’). 

Reaction  of  adduct  (1)  with  phosphorus  pentoxide  was  carried  out  by  refluxing  on  an  oil  bath  (230-350")  for  6- 
7  hours  until  the  evolution  of  gas  ceased.  The  3,4,5, 6-tetrahydrochrysene  (II)  produced  (from  40  g  of  adduct  (I)  and 
19  g  of  phosphorus  pentoxide  5.5  g,  20^o,  was  obtained)  sublimed  during  the  reaction  process  from  the  reaction  mix¬ 
ture  and  gradually  collected  in  the  lower  part  of  tlie  reflux  condenser.  After  heating  with  alkali  to  remove  possible 
contamination  by  the  starting  adduct  and  recrystallization  from  acetic  acid,  the  tetrahydrochrysene  (II)  melted  at 
183-184";  picrate,  m.p.  133-134"  (from  benzene)  [4]. 

Chrysene  (III)  was  isolated  from  the  reaction  mixture  in  the  following  manner:  after  the  conclusion  of  heating 
with  phosphOTus  pentoxide  the  reaction  mixture  was  extracted  by  heating  with  butyl  alcohol  or  toluene;  the  residue 
obtained  after  distilling  off  the  solvent  from  the  combined  extracts  was  boiled  with  alkali,  filtered,  washed  with 
water,  dried,  then  dissolved  in  dry  toluene  and  purified  by  passing  through  a  column  with  alumina.  The  chrysene 
purified  in  this  way  (1.2  g)  was  again  recrystallized  from  toluene  or  xylene,  m.p.  250";  complex  with  1,3,5 -trinitro¬ 
benzene,  m.p.  188-189°  (from  benzene)  [5,  6]. 

The  gas  evolved  during  the  reaction  contained  47^o  CO,  2'fjo  CO^,  ITl^Jo  H2,  and  14*70  unsaturated  hydrocarbons. 
4,5-Dimethylchrysene 

Anhydride  of  3,4-dihydrophenanthrenedicarboxylic-l,2  acid  (IV).  a-Vinylnaphthalene  (15.4  g)  and  bromo- 
maleic  anhydride  (35.4  g)  in  glacial  acetic  acid  (10  ml)  were  refluxed  for  12  hours  in  a  current  of  nitrogen;  the  next 
day  the  precipitate  that  had  separated  out  was  filtered  off,  washed  with  benzene  and  with  acetone,  and  recrystallized 
from  dioxane.  M.p.  271-271.5"  [7].  Yield  8.8  g  (35^Vo). 

Adduct  (V)  from  anhydride  (IV)  and  2,3-dimethylbutadiene-l,3.  Four  grams  of  anhydride  (IV),  4  ml  of  freshly 
distilled  2,3-dimethylbutadiene-l,3,  and  35  ml  of  dioxane  were  heated  in  the  presence  of  phenothiazine  and  picric 
acid  (0.1  g  each)  for  24  hours  in  an  autoclave  at  160-170";  the  residue  after  the  solvent  was  distilled  off  was  washed 
with  a  small  amount  of  benzene  -  petroleum  ether  mixture  (1  :  1),  Yield  of  adduct  (V)  3.5  g  (66*70),  m.p.  196-196.8’ 
(from  cyclohexane )  [8]. 

Reaction  of  adduct  (V)  with  phosphorus  pentoxide.  Four  grams  of  adduct  (V)  and  1.8  g  of  phosphorus  pentoxide 
were  heated  for  1.5  hours  on  a  metal  bath  from  210  to  260’  and  the  reaction  mixture  was  extracted  with  benzene;  the 
benzene  solution  was  boiled  with  alkali.  The  residue  after  the  benzene  was  distilled  off  was  sublimed  in  vacuum 
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(2-3  mm)  and  recrystallized  from  benzene.  The  hydrocarbon  thus  obtained  (1.25  g,  4(f!o)  melted  at  208-209*;  after 
several  recrystallizations  from  alcohol  the  melting  point  remained  constant.  Since  according  to  the  data  in  the  liter¬ 
ature  [9]  4,5-dimethylchrysene  melts  at  215-215.3*,  the  hydrocarbon  obtained  was  heated  at  340*  in  the  presence  of 
palladium  on  carbon  (to  dehydrogenate  possible  contaminating  dimethyldihydrochrysene),  but  in  this  case  also  its 
melting  point  was  unchanged,  and  the  analytical  data  corresponded  to  dime  thy  Ichrysene. 

Found  *70:  C  93.52,  93.62;  H  6.43,  6.33.  C*,  Hig.  Calculated  lo-.  C  93.7;  H  6.3. 

2 ,4,5  -  Trim  e thy Ichrysene 

Anhydride  of  3-methyl-3,4-dihydrophenanthrenedicarboxylic-l,2  acid  (Vll).  a-PropenyLiaphthalene  (13.5  g), 
bromomaleic  anhydride  (21.5  g),  glacial  acetic  acid  (10  ml),  picric  acid,  and  phenothiazine  (0.1  g  rach)  were 
refluxed  for  0.5  hour  in  a  flask  and  left  overnight.  The  next  day  the  precipitate  was  Altered  off,  washed  with  a  mix¬ 
ture  of  benzene  and  petroleum  ether  (1  :  3),  and  dried  in  a  vacuum  desiccator.  M.p.  188-188.5*  (from  acetic  acid), 
yield  9.1  g  (43®/°).  The  anhydride  (VII)  obtained  was  easily  dehydrogenated  by  heating  to  the  anhydride  of  3 -methyl 
phenanthrenedicarboxylic-1,2  acid  with  m.p.  308*. 

Found  ®/o:  C  77.79,  77.85;  H  4.03  ,  4.07.  C17H10O3.  Calculated  ®/o:  C  77.85;  H  3.84. 

Adduct  (VIII)  from  the  anhydride  (VII)  and  2,3-dimethylbutadiene-1.3  was  obtained  under  conditions  similar 
to  those  used  in  the  preparation  of  adduct  (V).  From  5  g  of  anhydride  (VII)  we  obtained  2.4  g  (37®/o)  of  adduct  (VIII), 
m.p.  176.5*  (from  petroleum  ether -benzene  mixture,  1  :  1). 

Found  *70;  C  79.74,  79.50;  H  6.57.  6.52.  C23II22O3.  Calculated ‘7o:  C  79.74;  H  6.40. 

The  anhydride  of  3-methylphenanthrenedicarboxylic-l,2  acid,  the  product  of  dehydrogenation  of  the  starting 
anhydride  (VII),  also  was  isolated  with  m.p.  308*. 

Aromatization  of  adduct  (VIII).  Adduct  (VIII)  (0.5  g)  and  20^o  palladium  catalyst  (1  g)  on  carbon  were  heated 
for  45  minutes  at  330-340*  and  the  2,4,5 -trimethylchrysene  (IX)  which  was  produced  was  distilled  off  in  vacuum; 
yield  0.25  g  (66^0),  m.p.  126-127*  (from  benzene -petroleum  ether  mixture). 

Found  C  93.19,  93.00;  H  6.97,  7.03.  CziHig.  Calculated  "/o;  C  93.26;  H  6.71. 

Picrate,  m.p.  202-203*  (from  alcohol -acetone  mixture,  2  :  1). 

Found  *70:  N  7.97,  8.27.  CjiHig  •  C6H3O7N3.  Calculated  N  8.09. 

SUMMARY 

Aromatization  of  adducts  of  the  diene  synthesis  under  tlie  influence  of  phosphorus  pentoxide  has  been  employed 
to  prepare  tetrahydrochrysene,  chrysene,  and  4,5 -dimethy Ichrysene.  2,4,5 -Trimethylchrysene  could  not  be  obtained 
in  this  way;  it  was  prepared  by  catalytic  aromatization  of  the  adduct  of  diene  synthesis  over  palladium  on  carbon. 
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As  was  shown  in  one  of  the  preceding  communications  [1],  the  condensation  of  trans-l-vinyl-6-keto-9-methyl- 
A’  -octalin  (I)  with  quinone  proceeds  nonselectively  and  leads  to  a  mixture  of  the  geometric  isomers  (II)  and  (III),  the 
configurations  of  which  were  confirmed  by  a  series  of  stereospecific  transformations.  The  basic  stereochemical  feature 
of  this  reaction  is  the  intermediate  formation  of  the  endoadduct  (II),  which  arises  as  a  result  of  the  addition  of  the 
quinone  to  the  diene  from  the  side  opposite  the  angular  methyl  group  of  the  latter. 


It  appeared  interesting  to  study  the  stereochemistry  of  the  parallel  reactions  with  maleic  anhydride.  The  tri¬ 
cyclic -o-dicarboxy  lie  acids  which  are  formed  by  this  are  models  for  the  A  and  B  rings  of  the  allosteroids  and  can  be 
used  in  the  future  both  for  the  elucidation  of  questions  of  the  stereochemistry  of  such  tricyclic  systems  [2],  and  for 
the  stereospecific  synthesis  of  compounds  related  to  this  class  of  natural  substances.  For  this  reason  we  studied  the 
diene  condensation  of  the  diene  (I)  and  its  cyclic  ketal  (IV)  with  maleic  anhydride;  some  of  the  results  obtained  in 
this  way  are  discussed  in  the  present  communication. 

The  reaction  of  both  dienes  with  maleic  anhydride  occurs  readily  and  leads,  as  in  the  case  of  the  condensation 
of  quinone,  to  a  mixture  of  stereo -isomeric  adducts,  the  proportions  of  which  depend  on  the  temperature  during  the 
condensation.  Thus,  the  ratio  of  the  adducts  (V)  and  (VI)  when  the  reaction  is  carried  out  with  the  diene  (I)  at  tem¬ 
peratures  below  0°  is  3.4  :  1,  while  when  the  reaction  is  carried  out  in  boiling  benzene  solution  (2  hrs),  the  ratio  is 
2.5  :  1.  The  condensation  of  the  diene  (IV)  with  maleic  anhydride  leads  to  a  mixture  of  the  isomers  (VII)  and  (VIII) 
in  a  4  :  1  ratio. 

Since  both  adducts  are  formed  at  a  low  temperature  in  each  case,  it  is  obvious  that  these  pairs  of  isomers  are 
formed  according  to  the  principal  of  endo -position,  and  must  differ  between  themselves  only  in  the  configuration  at 
the  angular  methyl  group.  In  analogy  with  the  reaction  of  the  diene  (I)  and  quinone  [1],  which  was  studied  earlier, 
there  is  every  reason  to  consider  that  the  adducts  (V)  and  (VII)  which  are  formed  predominantly  in  the  low  temper¬ 
ature  condensation  have  the  configuration  corresponding  to  the  addition  of  maleic  anhydride  to  the  less  hindered  side 
opposite  the  angular  methyl  group  of  the  diene.  Correspondingly,  the  adducts  (VI)  and  (VIII),  isomeric  with  these. 
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must  have  the  configuration  which  follows  from  the  addition  of  the  maleic  anhydride  to  the  diene  from  the  side 
of  the  methyl  group. 


This  classification  of  the  adducts  (V)  and  (VII),  and  correspondingly  of  the  adduct  (VI)  and  (VIII),  to  one  sterlc 
series  was  confirmed  by  their  hydrolysis.  Thus,  hydrolysis  of  the  keto  anhydride  (V)  with  water,  and  of  the  ketal  an¬ 
hydride  (VII)  with  50^0  acetic  acid  forms  one  and  the  same  keto  acid  (IX),  which  was  characterized  as  the  keto  diester 
(X).  Analogously,  from  the  adducts  (VI)  and  (VIII)  there  is  obtained  the  isomeric  keto  acid  (XI),  which  gives  the 
corresponding  keto  diester  (XII). 

It  was  observed  that  hydrolysis  of  the  ketal  anhydride  (VII)  with  water  or  methanol  led  only  to  the  opening  of 
the  anhydride  ring,  and  gave  respectively  the  cyclic  ketal  acid  (XIII)  and  the  half  ester  (XIV),  treatment  of  which 
with  diazomethane  led  to  the  ketal  diester  (XV).  This  occurrence  was  of  definite  interest,  since  in  this  way  the 
functional  derivatives  of  the  tricyclic -o-dicarboxy lie  acid  with  protected  keto  groups  could  be  obtained  and  these 
are  necessary  for  the  realization  of  the  subsequent  transformations  of  the  carboxyl  groups. 

Direct  ketalysis  of  the  keto  group  under  the  influence  of  the  acidity  of  the  carboxyl  group  of  these  acids  is 
another  method  of  protecting  it;  this  leads  to  non -cyclic  ketals. 

Boiling  the  keto  anhydride  (V)  with  anhydrous  methanol  gave  not  the  keto  half-ester,  but  the  dimethyl  ketal 
half-ester  (XVI),  which  by  treatment  with  diazomethane  yielded  the  dimethyl  ketal  diester  (XVII);  this  was  ob¬ 
tained  also  by  ketalization  of  the  keto  diester  (X)  in  the  presence  of  acetic  acid. 

Similarly,  boiling  the  keto  dicarboxylic  acid  (IX)  with  methanol  yielded  the  corresponding  dimethyl  ketal 
acid  (XVIII),  which  on  reaction  with  diazomethane  gave  the  same  dimethyl  ketal  diester  (XVII).  The  presence  of 
the  dimethyl  ketal  group  in  all  of  these  compounds  was  proven  by  the  determination  of  the  quantity  of  methoxyl 
groups  and  by  the  absence  in  their  infra-red  spectra  of  absorption  bands  in  the  1717-1720  cm"^  interval,  which  Is 
characteristic  of  the  free  keto  group.  The  structure  of  the  half-ester  (XVI),  just  as  fex  the  other  half-esters  described 
in  this  article,  was  assumed  in  analogy  with  the  cases  earlier  studied  [3,  4];  it  is  shown  for  these  substances  that  hy¬ 
drolysis  of  the  anhydride  ring  with  methanol  leaves  free  the  more  hindered  carboxyl  group. 
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As  has  been  shown  [5],  the  formation  of  a  dimethyl  ketal  can  occur  when  ketones  are  heated  with  anhydrous 
methanol  in  the  presence  even  of  acetic  acid;  ketals  are  easily  hydrolyzed  by  water  to  the  original  ketone  even  in 
weakly  acidic  media.  The  fact  that  in  our  case  ketalization  occurs  on  simple  boiling  of  the  keto  half-esters  and 
the  keto  acids  in  anhydrous  methanol  shows  that  this  reaction  occurs  under  the  influence  of  the  free  carboxyl  groups 
of  these  compounds.  Confirmation  of  this  is  evident  in  the  capibility  of  the  dimethyl  ketal  half-ester  (XVI)  and  acid 
(XVlIl)  to  hydrolyze  when  boiled  in  a  water-acetone  solution  to  form  the  keto  half-ester  (XIX)  and  the  corresponding 
keto  acid  (IX),  while  the  dimethyl  ketal  diester  (XVII)  is  unable  to  undergo  this  reaction.  Hydrolysis  of  the  dimethyl 
ketal  group  of  this  compound  occurs  only  by  heating  with  aqueous  acetic  acid  and  gives  the  keto  diester  (X)  de¬ 
scribed  above.  A  similar  regularity  in  ketalization  and  hydrolysis  of  the  dimethyl  ketal  takes  place  in  the  case  of 
the  second  isomeric  anhydride  (VI).  When  it  is  boiled  with  methanol  the  dimethyl  ketal  half-ester  (XX),  Is  obtained, 
which  is  unstable,  and  even  during  crystallization  from  aqueous  acetone  is  hydrolyzed  to  the  keto  half-ester  (XXI); 
this  gives  the  keto  diester  (XII)  which  was  described  above  when  it  is  treated  with  diazomethane. 


In  contrast,  the  dimethyl  ketal  diester  (XXII),  which  is  formed  from  the  dimethyl  ketal  half-ester  (XX)  by 
treatment  with  diazomethane  is  a  comparatively  stable  compound,  and  it  is  not  hydrolyzed  by  neutral  aqueous  so¬ 
lutions. 

All  this  data  show  that  the  free  carboxyl  groups  in  the  tri -cyclic -o-dicarboxy lie  acids  described  above  are  suf¬ 
ficiently  acidic  to  cause  ketalization  of  the  keto  group  in  anhydrous  alcoholic  medium,  or  to  cause  hydrolysis  of  the 
ketal  group  in  the  presence  of  water.  However,  this  acidity,  as  was  shown  above,  is  insufficient  to  cause  hydrolysis 
of  the  cyclic  ketals  (XIII)  and  (XIV),  which  are  so  stable  that  they  do  not  hydrolyze  when  boiled  in  aqueous  solution. 

EXPERIMENTAL 

The  condensation  of  trans-  l-vinyl-6-keto-9-methyl-A^-octalin  (1)  with  maleic  anhydride,  a)  To  a  solution 
of  4.4  g  of  the  crystalline  diene  (I)  [6]  in  5  ml  of  benzene  was  added  a  solution  of  2.27  g  of  maleic  anhydride  in 
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10  ml  of  benzene;  the  benzene  boiled  because  of  the  spontaneous  evolution  of  heat,  and  a  crystalline  precipitate  was 
formed.  After  several  hours  the  crystalline  reaction  product  was  filtered  off  and  3.35  g  of  the  adduct  (V)  of  m.p. 

204- 206*  was  obtained;  this  melted  at  212-213*  after  recrystallization  from  acetone. 

V  (in  chloroform):  1717  cm"*  (K  1153);  1782  cm"*  (K  2350);  1848  cm"*  (K  444).* 

Found‘d:  C  70.61,  70.85;  H  7.14,  7.19.  C17HJ0O4.  Calculated*^:  C  70.81;  H  6.99. 

The  benzene  was  distilled  in  vacuo  from  the  mother  liquor,  ether  was  added  to  the  residue,  and  the  crystalline 
product  was  filtered  off.  The  yield  of  the  crystalline  adduct  (VI)  of  melting  point  136-139*  was  1.65  g;  after  re¬ 
crystallization  from  benzene  it  had  the  melting  point  148-149*. 

V  (in  chloroform):  1711  cm"*  (K  924);  1788  cm"*  (K  1885);  1872  cm'*  (K  471). 

Found  C  70.91,  70.78;  H  6.99,  6.82.  C17H20O4.  Calculated C  70.81;  H  6.99. 

b)  A  solution  of  0.52  g  of  maleic  anhydride  in  3  ml  of  benzene  was  added  to  a  solution  of  1  g  of  the  crystalline 
diene  (I)  in  1  ml  of  benzene  and  the  mixture  was  boiled  for  2  hrs.  After  cooling,  the  adduct  (V),  750  mg,  with  m.p. 

205- 208*  was  filtered  off;  It  was  identical  to  that  described  above.  After  removal  of  the  benzene  from  the  mother 
liquor  and  the  addition  of  ether  there  was  isolated  470  mg  of  the  adduct  (VI)  of  m.p.  138-142°.  By  crystallization 
from  benzene  there  was  obtained  320  mg  of  the  adduct  (VI)  with  m.p.  144-145°,  identical  with  that  described  above. 

c)  A  solution  of  0.52  g  of  maleic  anhydride  in  3  ml  of  benzene  was  added  to  a  solution  of  1  g  of  the  crystalline 
diene  (I)  in  1  ml  of  benzene  cooled  to  0°,  and  the  reaction  mixture  was  let  stand  at  this  temperature  overnight.  The 
crystalline  product  which  separated  was  filtered  off  and  identified  as  the  adduct  (V)  with  m.p.  195-200°  (950  mg). 

A  single  crystallization  from  acetone  gave  820  mg  of  the  adduct  (V)  of  m.p.  204-207°.  From  the  mother  liquor  after 
a  single  crystallization  from  benzene  there  was  obtained  240  mg  of  the  adduct  (VI)  of  m.p.  144-145°. 

The  condensation  of  a-ans-l-vinyl-6-ethylenedioxy-9-methyl-A*-octalin  (IV)  with  maleic  anhydride.  The 
diene  (IV)  was  obtained  by  adding  a  solution  of  80  mg  of  p-toluenesulfonic  acid  in  5  ml  of  ethylene  glycol  to  a  so¬ 
lution  of  2  g  of  crystalline  diene  (I)  in  40  ml  of  benzene,  and  boiling  the  reaction  mixture  for  4  hrs  with  stirring;  a 
water  separator  was  used.  After  cooling  the  mixture,  the  upp>er  layer  was  separated,  washed  with  a  solution  of  sodium 
bicarbonate  and  then  with  water,  and  was  dried  over  magnesium  sulfate.  The  trans-l-vinyl-6-ethylenedioxy-9- 
methyl-A^-octalin  (IV)  thus  obtained  was  used  for  the  diene  synthesis  without  further  purification.  After  removal  of 
the  greater  part  of  the  benzene,  1  g  of  maleic  anhydride  in  6  ml  of  benzene  was  added  to  the  residue;  the  mixture 
became  warm  and  crystals  were  abundantly  formed.  After  several  hours  the  crystalline  product  was  filtered  off, 
yielding  1.6  g  of  the  adduct  (VII)  of  melting  point  203-205°;  the  substance  melts  at  207-207.5°  and  gives  a  melting 
point  depression  with  the  adduct  (V).  An  additional  0.2  g  of  the  same  adduct  (VII)  was  obtained  from  the  mother 
liquor  on  standing. 

V  (in  chloroform):  1780  cm"*  (K  2020);  1851  cm"*  (K  352). 

Found  *70:  C  68.54,  68.47;  H  7.11,  7.37.  C19H24O5.  Calculated  ^o:  C  68.65;  H  7.28. 

Following  partial  evaporation  of  the  benzene  mother  liquor  and  the  addition  of  hexane,  there  was  isolated  0.45  g 
of  crystals  with  m.p.  135-140°.  The  adduct  (VIII)  of  m.p.  152-153°  was  obtained  after  three  crystallizations  from  a 
mixture  of  benzene  and  petroleum  ether. 

V  (in  chloroform):  1786  cm"*  (K  1960);  1869  cm"*  (K  360). 

Found  *70;  C  68.15,  68.17;  H  7.33,  7.45.  C19H24O5.  Calculated ‘7’:  C  68.65;  H  7.28. 

The  keto  dicarboxylic  acid  (IX j.  A  mixture  of  800  mg  of  the  adduct  (V)  and  10  ml  of  8(fIo  aqueous  dioxane  were 
boiled  for  10  hrs;  the  solvent  was  then  distilled  away  in  vacuo.  This  yielded  the  keto  acid,  780  mg,  which  after  re- 
precipitation  from  aqueous  acetone  melted  at  200-201°. 

Found  *70;  C  66.95,  66.88;  H  7.21,  7.28.  M  303.8  (by  titration  with  sodium  hydroxide).  C17H22O5.  Calcu¬ 
lated  %.  C  66.65;  H  7.24.  M  306.3. 


•  All  infra-red  spectra  for  this  work  were  made  by  T.  M.  Fadeeva. 
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b)  A  solution  of  130  mg  of  the  adduct  (VII)  in  16  ml  of  50^  acetic  acid  was  boiled  for  8  hrs  reflux,  the  solvent 
was  completely  removed  in  vacuo,  and  the  residue  was  dissolved  In  acetone.  An  acid  of  m.p.  200-201*  was  Isolated 
after  the  addition  of  water;  it  did  not  give  a  depression  of  the  melting  point  with  the  substance  obtained  above. 

The  keto  diester  (X).  A  suspension  of  300  mg  of  the  acid  (IX)  in  ether  was  treated  with  an  ether  solution  of 
diazomethane;  the  solvent  was  removed  in  vacuo.  The  yield  of  the  keto  diester  was  270  mg,  m.p.  130-131*  (from 
aqueous  methanol). 

V  (In  chloroform):  1717  cm'*  (K  1750);  1734  cm'*  (K  2110). 

Found  1o:  c  68.52,  68.51;  H  7.61,  7.81.  CigHjeOj.  Calculated  %  c  68.24;  H  7.84. 

The  keto  dicarboxylic  acid  (XI).  A  solution  of  160  mg  of  the  adduct  (VI)  in  2  ml  of  80^  dioxane  was  heated 
for  10  hrs  at  50-60*,  the  solvent  was  removed  in  vacuo,  and  after  recrystallization  from  aqueous  dioxane  there  was 
obtained  100  mg  of  the  keto  acid  melting  at  258-260*  with  preliminary  softening  at  215-218*. 

Found  C  66.36,  66.46;  H  7.21,  7.17.  C17H22O5.  Calculated  I0:  c  66.65;  H  7.24. 

b)  A  solution  of  100  mg  of  the  adduct  (VIII)  in  14  ml  of  50^®  acetic  acid  was  boiled  for  8  hrs,  the  solvent  was 
completely  removed  in  vacuo  and  the  residue  was  dissolved  in  acetone.  The  addition  of  water  precipitated  an  acid, 
which  after  recrystallization  from  aqueous  acetone  melted  at  259-261*  with  preliminary  softening  at  220*,  and  which 
did  not  give  a  melting  point  depression  with  the  substance  obtained  above. 

The  keto  diester  (XII).  A  suspension  of  50  mg  of  the  acid  (XI)  In  ether  was  treated  with  an  ether  solution  of 
diazomethane  and  the  solvent  was  removed  in  vacuo.  In  this  way  was  obtained  40  mg  of  the  keto  diester  with  m.p. 

150- 151*  (from  hexane). 

V  (in  chloroform):  1736  cm'*  (K  1863). 

Found  I0:  C  67.85,  68.00;  H  7.87,  7.80.  CigHjeOj.  Calculated  ‘7®:  C  68.24;  H  7.84. 

The  ethylene  ketal  of  the  dicarboxylic  acid  (XIII).  A  solution  of  690  mg  of  the  adduct  (VII)  in  12  ml  of  85*7® 
aqueous  dioxane  was  boiled  for  8  hrs;  water  was  then  added  until  crystallization  began.  The  ketal  acid  was  separated, 
590  mg,  m.p.  203-204*;  after  2  crystallizations  from  acetone  this  melted  at  219-220*. 

Found  *7®:  C  65.36,  65.50;  H  7.58,  7.52.  CigHjgOg.  Calculated  *7®:  C  65.12;  H  7.48. 

The  ediylene  ketal  half-ester  (XIV).  A  suspension  of  400  mg  of  the  adduct  (VII)  in  7  ml  of  anhydrous  methanol 
was  boiled  for  18  hrs  (until  the  starting  material  completely  dissolved).  The  methanol  was  removed  in  vacuo.  After 
3  crystallizations  from  aqueous  methanol  160  mg  of  the  ketal  half-ester  was  isolated  melting  at  168-169*  with  pre¬ 
liminary  softening  at  160*. 

V  (in  chloroform):  1728  cm'*  (K  1728);  1711  cm'*  (K  1260). 

Found  *7®:  C  65.86,  65.87;  H  7.74,  7.82.  C2oH2806.  Calculated  *7®:  C  65.91;  H  7.74. 

The  keto  half -ester  (XIX)  described  below  can  be  obtained  in  good  yield  by  boiling  this  ethylene  ketal  with 
5(77®  acetic  acid. 

The  ethylene  ketal  diester  (XV).  A  methanol  solution  of  0.4  g  of  the  ketal  acid  (XIII)  was  treated  with  an  ether 
solution  of  diazomethane,  the  solvent  was  removed,  and  the  residue  was  recrystallized  from  hexane  and  aqueous 
methanol.  The  ethylene  ketal  diester  was  obtained,  0.3  g,  m.p.  96-97*. 

V  (in  chloroform):  1734  cm'*  (K  2020). 

Found  *7®:  C  66.98,  67.00;  H  7.84,  8.14.  C21H30O6.  Calculated  *7®:  C  66.64;  H  7.99. 

The  same  ketal  diester  was  obtained  also  by  treatment  of  the  ketal  half-ester  (XIV)  with  diazomethane. 

The  dimethyl  ketal  half-ester  (XVI).  A  mixture  of  600  mg  of  the  anhydride  in  7.5  ml  of  anhydrous  methanol 
was  boiled  for  10  hrs  and  the  solvent  was  removed  in  vacuo.  The  half-ester  obtained  weighed  580  mg  and  melted  at 

151- 152*  (from  methanol). 

V  (in  chloroform):  1734  cm'*  (K  1575);  1713  cm'*  (K  2160). 

Found  *7®:  C  65.83,  65.94;  H  8.16,  8.09;  OCH3  25.30,  25.46.  C20H30O6.  Calculated  *7®:  C  65.55;  H  8.25; 

OCH3  26.41. 
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The  dimethyl  ketal  diester  (XVII).  a)  A  solution  of  50  mg  of  the  dimethyl  ketal  half-ester  (XVI)  in  ether  was 
treated  with  a  dry  ether  solution  of  diazomethane  and  the  solvent  was  removed  in  vacuo.  The  dimethyl  ketal  diester 
obtained  weighed  40  mg,  and  after  crystallization  from  hexane  and  methanol  melted  at  94-95*. 

V  (in  chloroform):  1742  cm'^  (K  2610);  shoulder  at  1715  cm"^. 

Found  C  66.30,  66.46;  H  8.31,  8.44.  QiHajOg.  Calculated  *70:  C  66.30;  H  8.48. 

b)  A  solution  of  200  mg  of  the  keto  diester  (X)  in  10  ml  of  anhydrous  methanol  was  boiled  for  8  hrs  after  the 
addition  of  2  drops  of  acetic  acid.  After  cooling  and  neutralizing  the  solution  with  dry  sodium  bicarbonate  the  sol¬ 
vent  was  evaporated  in  vacuo;  100  mg  of  the  dimethyl  ketal  diester  (XVII)  described  above  was  obt  lined  by  the  addi¬ 
tion  of  1  ml  of  methanol;  the  substance  melted  at  94-95*  and  did  not  give  a  melting  point  depression  with  the  preceding 
material.  This  dimethyl  ketal  diester  was  stable  when  boiled  in  aqueous  methanol  and  could  be  quantitatively  hy¬ 
drolyzed  to  the  original  keto  diester  (X)  only  when  boiled  with  aqueous  acetic  acid. 

The  dimethyl  ketal  of  the  dicarboxylic  acid  (XVlIl).  A  solution  of  200  mg  of  the  keto  acid  (DC)  in  3  ml  of 
anhydrous  methanol  was  boiled  for  16  hrs;  the  solvent  was  evaporated  in  vacuo  and  180  mg  of  the  dimethyl  ketal 
acid,  m.p.  142-143*,  was  obtained  by  crystallization  of  the  residue  from  ether. 

V  (in  chloroform):  1713  cm*^  (K  3420). 

Found  c  64.51,  64.33;  H  7.87,  8.05;  OCH3  17.17,  17.30.  Calculated  °Jo‘.  C  64.75;  H  8.01; 

OCHg  18.03. 

When  boiled  with  water  this  dimethyl  ketal  was  quantitatively  hydrolyzed  to  the  original  keto  acid  (EX),  while 
by  treatment  with  diazomethane  the  dimethyl  ketal  diester  (XVII),  m.p.  94-95*,  described  above  was  obtained. 

The  keto  half-ester  (XIX).  The  keto  half-ester,  m.p.  173.5-174.5*,  was  quantitatively  obtained  by  crystalliza¬ 
tion  of  100  mg  of  tlie  dimethyl  ketal  half-ester  (XVI)  from  aqueous  acetone. 

V  (in  chloroform);  1738  cm"^  (K  1420);  1719  cm"^  (K  1824);  shoulder  at  1705  cm”^. 

Found  *70:  C  67.25,  67.73;  H  7.50,  7.54.  CjgHaPs.  Calculated  *70;  C  67.48;  H  7.55. 

By  prolonged  boiling  of  this  keto  half-ester  with  anhydrous  methanol  the  original  dimethyl  ketal  (XVI)  is  formed, 
and  by  treatment  with  diazomethane  the  keto  diester  (X)  described  above. 

The  dimethyl  ketal  half-ester  (XX).  A  solution  of  1  g  of  the  isomeric  anhydride  (VI)  in  20  ml  of  anhydrous 
methanol  was  boiled  for  9  hrs.  The  methanol  was  partially  evaporated,  and  the  crystalline  product  which  separated 
was  filtered  off.  A  substance  of  melting  point  149-150*  was  obtained,  460  mg,  and  from  this  by  two  crystallizations 
from  methanol  the  dimethyl  ketal  half-ester  of  m.p.  156-157*  was  isolated. 

V  (in  chloroform):  1734  cm'^  (K  1380);  1713  cm‘^  (K  1600). 

Found  <70:  C  65.92;  H  8.20.  CgoHaoOg.  Calculated  C  65.55;  H  8.25. 

The  keto  half-ester  (XXI).  Crystallization  of  the  dimethyl  ketal  half-ester  (XX)  from  aqueous  acetone  caused 
quantitative  hydrolysis  of  the  ketal  group  resulting  in  the  formation  of  the  keto  half-ester  of  m.p.  193-194*. 

V  (in  chloroform):  1738  cm‘^  (K  1293);  1719  cm'^  (K  1710);  1710  cm"^  (K  1710). 

Found  ‘7o:  C  67.55,  67.29;  H  7,41,  7.48.  C18H24O5.  Calculated  ‘7o:  C  67.48;  H  7.55. 

The  keto  diester  (XII)  was  obtained  by  treatment  of  the  keto  half-ester  with  diazomethane  and  recrystalliza¬ 
tion  from  hexane  and  aqueous  acetone,  it  did  not  give  a  melting  point  depression  with  the  other  sample. 

The  dimethyl  ketal  diester  (XXII).  A  solution  of  the  dimethyl  ketal  half-ester  (XX)  in  anhydrous  methanol  was 
treated  with  an  ether  solution  of  dizomethane  which  had  been  dried  over  potassium  hydroxide  pellets.  After  removal 
of  the  solvent  the  product  was  extracted  with  hexane.  The  dimethyl  ketal  diester  melted  at  105-105.5°  after  2  crystal¬ 
lizations  from  aqueous  acetone. 

V  (in  chloroform):  1736  cm'^  (K  1675);  shoulder  at  1719  cm"^  (K  1336). 

Found  *70:  C  66.65;  H  8.50.  CziHajOg.  Calculated  *70:  C  66.30;  H  8.48. 

This  dimethyl  ketal  did  not  hydrolyze  in  water,  and  it  could  be  transformed  into  the  keto  diester  (XII)  only  by 
boiling  with  aqueous  acetic  acid. 
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SUMMARY 

1.  The  diene  condensations  of  trans-l-vinyl-6-keto-9-methyl-  A^-octalln  and  Its  ethylene  ketal  with  maleic 
anhydride  were  studied;  the  reaction  led  in  each  case  to  the  formation  of  two  isomeric  adducts;  their  possible  con¬ 
figurations  are  discussed. 

2.  A  dependence  of  the  relative  yield  of  the  isomers  on  the  temperature  during  the  condensation  WM  observed; 
some  transformations  of  these  isomers  were  studied. 

3.  The  easy  ketalization  of  the  tricyclic  keto  acids  and  half -esters  when  boiled  with  methanol  was  observed; 
its  relation  to  the  acidity  of  the  free  carboxyl  groups  in  the  molecule  is  mentioned. 
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DERIVATIVES  OF  INDOLE 
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The  synthesis  and  study  of  the  properties  of  1 -glycosylindoles  is  of  special  interest.  One  might  expect  that 
these  substances,  constructed  analogously  to  the  nucleosides,  will  possess  interesting  biological  activities.  It  is  known 
that  derivatives  of  indole  play  a  substantial  role  in  the  pathogenesis  of  leukosis  [2];  cases  are  described  where  myeloid 
leukemia  has  appeared  in  mice  on  long  exposure  to  indoles  [3].  In  the  light  of  these  facts  a  broad  investigation  of 
the  biological  activity  of  1 -glycosylindoles  acquires  a  special  interest. 

Not  a  single  representative  of  this  new  class  of  compound  has  been  synthesized  previously.  For  the  preparation 
of  l-(D-glycosyl)-indole  in  our  work  we  made  use  of  the  method  worked  out  by  A.  P.  Terent'ev  and  M.  N.  Preobraz¬ 
henskaya  [4]  for  the  introduction  of  substituents  into  the  indole  nucleus.  In  our  case  we  obtained  l-(tetraacetyl- 
glucosyl)-indole  by  the  dehydrogenation  of  l-(tetraacetylglucosyl)-indoline;  deacetylation  of  the  former  led  to  1- 
(glucosyl) -indole. 

Thus,  l-(D-0-tetraacetylglucopyranosyl)-indoline  (I),  which  is  an  acylated  arylaminoglycoside,  was  obtained 
in  one  step. 
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To  obtain  the  substance  (I),  methods  were  utilized  ordinarily  applied  to  the  synthesis  of  acylated  arylamino- 
glycosides  [5].  Heating  a  mixture  of  indoline  and  glucose  with  a  small  quantity  of  water  gave  l-(D-glucosyl)-indoline 
(II)  in  amorphous  form.  (The  material  was  not  further  purified);  acetylation  gave  (I).  It  has  been  shown  previously 
[5,  6]  that  acetylated  arylaminoglycosides  ordinarily  give  mixtures  of  a  -  and  0  -anomers.  Weundertook  fractional 
crystallization  of  the  acetylated  product  (II)  in  alcohol,  measuring  the  specific  rotation  of  each  fraction.  It  was 
shown  that  only  one  isomer  is  formed  and  that  no  other  substance  possessing  a  higher  positive  or  negative  specific 
rotation  is  present.  Only  one  definite  spot  was  obtained  by  chromatographing  the  indoline  (I)  on  paper. 

Thus  the  acetylation  of  the  indoline  (II)  gives  only  one  anomer:  l-(D-tetraacetylglucosyl)-indoline  (I). 


•  Preliminary  communication  [1]. 
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The  same  anomer  (I)  was  obtained  from  indoline  and  0 -pentaacetylglucose  in  77.5^  yield;  a  50^  yield  of  1- 
acetylindoline  was  also  isolated.  In  this  case  also  it  was  shown  by  the  method  of  fractional  crystallization  with  the 
determination  of  the  specific  rotations  of  the  fractions  that  no  noticeable  quantity  of  a  second  anomer  is  formed.  An 
87^  yield  of  (I)  and  a  98^o  yield  of  1-acetylindoline  were  obtained  from  a -pentaacetylglucose  and  indoline.  a- 
Acetobromoglucose  and  indoline  give  (I)  In  577o  yield. 

It  Is  most  convenient  to  obtain  (I)  from  indoline  and  0 -pentaacetylglucose. 

The  fact  that  both  a  -  and  0  -derivatives  of  glucose  give  one  and  the  same  anomer  can  be  explained  only  by 
assuming  that  this  anomer  has  the  0 -configuration.  It  is  known  [7]  that  in  reactions  of  nucleophilic  substitution, 
a -bromoglucosides  as  a  rule  form  0-glucosides  (trans -position  of  the  substituents  at  Cj  and  Cj).  According  to  the 
accepted  mechanism  of  nucleophilic  substitutions  in  the  glucoside  series  [7,  8],  this  0  -(trans)-anomer  must  predominate 
in  the  formation  of  the  glucoside  from  a  -  and  0 -pentaacetylglucoses.  The  0 -configuration  of  the  substance  (I)  is 
also  confirmed  by  the  magnitude  of  its  specific  rotation. 

A  study  of  Brigleb  models  showed  that  the  indoline  is  in  an  equatorial  position  in  the  0  -anomer  (I);  the  struc¬ 
ture  of  the  a  -anomer  is  apparently  less  advantageous,  since  the  indoline  in  the  a  -anomer  occupies  an  axial  position. 

Apparently  the  absence  of  mutarotation  of  aqueous  solutions  of  (II)  may  also  be  explained  by  the  influence  of 
this  factor.  Analytically  pure  l-(D-0 -glucopyranosyl)-indoline  (II)  was  obtained  by  deacetylation  of  (I)  [9].  The 
amorphous,  hygroscopic  substance  was  stable  fcx  several  weeks  and  did  not  show  mutarotation  in  water  or  in  form- 
amide. 


Hydrolysis  of  (I)  with  dilute  acetic  acid  gave  indoline  and  2,3,4,6-tetraacetylglucopyranose  which  was  isolated 
as  a-pentaacetylglucopyranose. 

l-(D-0 -Tetraacetylglucopyranosyl)-indole  (III)  was  obtained  by  the  dehydrogenation  of  (I)  with  chloranil  in 
dry  boiling  xylene  (traces  of  water  caused  tar  formation). 
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It  is  interesting  that  the  compound  (III)  could  be  isolated  in  two  crystalline  modifications  -  one  labile,  the 
other  stable.  By  slow  heating  or  by  standing  in  sunlight  the  labile  form  was  converted  to  the  stable.  The  infra-red 
spectra  of  both  forms  were  identical  (Nujol  mull). 

Paper  chromatography  was  used  to  follow  the  process  of  dehydrogenation.  Ehrlich's  reagent  colors  (I)  a  bright 
yellow  and  (III)  a  bright  pink.  The  ultra-violet  absorption  spectrum  of  (I)  is  similar  to  the  ultra-violet  spectra  of 
other  derivatives  of  indoline  [10],  but  (III)  possesses  an  ultra  -violet  absorption  spectrum  characteristic  of  indole  (Fig.  1). 
The  deacetylation  of  (IE)  [9]  gave  a  quantitative  yield  of  l-(D-0-glucopyranosyl) -indole.  This  substance  is  stable, 
amorphous,  and  extremely  hygroscopic.  Solutions  in  water  and  formamide  do  not  n  utarotate.  The  pyranose  structure 
was  confirmed  by  acetylation  with  acetic  anhydride  in  pyridine  which  gave  a  quantitative  yield  of  l-(D-0-tetra- 
acetylglucopyranosyl)-indole  (III). 

The  ultra-violet  absorption  curve  of  l-(D-0 -glucopyranosyl)-indole  (IV)  has  the  form  characteristic  of  indole 
compounds,  while  the  compound  (II)  has  an  ultra-violet  spectrum  characteristic  of  indolines  (Fig.  2).  Ehrlich's  re¬ 
agent  colors  (IV)  a  bright  pink  and  (II)  a  bright  yellow.  The  Rf  values  for  (II)  and  (IV)  are  very  close. 

The  structure  of  l-(D-0  -glucopyranosyl)-indole  was  also  confirmed  by  calculation  of  the  molecular  rotation. 
According  to  Hudson  [11],  the  molecular  rotation  (M)  is  equal  to  the  sum  of  the  rotations  of  the  glucoside  atom  (A) 
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and  the  rotation  of  the  remaining  parts  of  the  molecule  (B).  For  the  0  -anomer.  Mg  is  equal  to  [a]^  x  the  molecular 
weight  =  -A  +  B. 

The  values  of  B  for  derivatives  of  tetraacetylglucopyranose  is  known  to  be  20500  (in  chloroform  or  in  anhydrous 
alcohol)  [12],  In  different  solvents  B  varies  within  the  limits  18500-22000.  According  to  the  data  of  the  literature  [6], 

one  can  calculate  the  value  of  B  for  a- and  6 -tetraacetylglucopyranosyl- 
Mrt,  +  Ma  ... 

anilines  as  B  =  ^  (chloroform). 

The  values  of  A  for  (I)  or  (III)  can  be  calculated  from  the  known  values 
of  B.  In  diloroform  for  (I):  + 11.3  •  449.5  =  -A  +  B  =  -A  +  20500.  A  = 

=  15431.  The  contribution  of  the  glucoside  atom  of  1 -glycosylindolines  is 
+  15431.  For  (III)  in  chloroform:  + 1.5  •  447.5  =  -A  +  B  =  —A  +  20500.  A  = 

=  19839.  The  contribution  of  the  glucoside  atom  of  1-glycosylindoles  is 
+ 19839. 

One  can  determine  the  value  of  B  from  the  value  of  A  for  the  de- 
acetylated  glucosides  (I)  and  (IV);  this  value  of  B  must  coincide  with  the 
value  of  B  found  in  the  literature  for  derivatives  of  glucopyranose.  The  cal¬ 
culations  are  to  a  certain  degree  approximate,  since  the  values  of  A  are  cal¬ 
culated  for  chloroform,  while  the  specific  rotations  of  (I)  and  (IV)  were 
measured  in  water  and  formamide.  But  as  has  already  been  pointed  out  the 
magnitudes  of  A  and  B  are  not  changed  significantly  when  the  solvent  is 
changed. 

For  (II)  (in  water):  Mg  =  -15  •  281.3  =  -  A  +  B  =  -15431  +  B.  B  = 

=  11211. 

For  (II)  (in  formamide):  Mg  =  8.5  •  281.3  =  -15431  +  B.  B  =  13040. 

For  (IV)  (in  water):  Mg  =  -23  •  279.3  =  -A  +  B  =  -19839  +  B.  B  = 

=  13415. 

For  (IV)  (in  formamide):  Mg  =  -20  •  279.3  =  -19839  +  B.  B  =  14253. 

The  value  of  B  calculated  from  the  data  for  glucose  is  11800  for 
derivatives  of  glucopyranose,  varies  from  10,000  to  12,000  for  alkylgluco- 
pyranisides,  and  for  phenylglucopyranisides  B  =  15,700.  For  glucofuranoside 
B  =  2500  [11].  Hence,  the  calculation  according  to  Hudson  [11]  confirms 
the  glucopyraniside  structure  of  both  (II)  and  (IV). 

EXPERIMENTA  L 

l-(D-6-tetraacetylglucopyranosyl)-indoline  (I),  a)  A  mixture  of  6  g 
of  freshly  distilled  indoline,  1  ml  of  water,  and  9  g  of  glucose  were  heated 
and  stirred  on  a  boiling  water  bath.  After  15  min  the  solution  became  trans- 
Fig.  2.  The  ultraviolet  absorption  parent;  the  heating  was  continued  for  an  additional  30  min,  and  the  solution 
spectra  of  l-(D-0 -glucopyranosyl)-  was  then  cooled  and  diluted  with  20  ml  of  methyl  alcohol.  The  precipitate 
indoline  (II)  and  l-(D-6 -gluco-  was  filtered  off.  A  substance,  0.2  g,  was  obtained,  the  structure  of  which  has 

pyranosyl)-Indole  (IV).  not  been  established.  The  mother  liquor  was  evaporated  in  vacuo  on  a  water 

bath;  the  residue  was  washed  with  300  ml  of  ether,  and  then  was  dried  in  a 
vacuimi  desiccator  over  PjOj.  The  substance  foamed  in  the  vacuum,  and  on  standing  over  PjOs  solidified.  The  amor¬ 
phous  powder  was  dissolved  in  80  ml  of  absolute  pyridine;  the  solution  was  cooled  to  0“  and  stirred  while  35  ml  of 
acetic  anhydride  was  added  drop-wise.  After  12  hrs  the  reaction  mixture  was  poured  over  ice  (1  kg);  an  oil  precipi¬ 
tated  which  began  to  crystallize  after  several  hours  of  stining.  The  crude  substance  weighed  15.8  g;  after  4  recrystal¬ 
lizations  from  alcohol  the  yield  of  (I)  was  12.93  g  (57.2?^). 

M.p.  117.8-118.5'  [a]g  +  5.5“  (CCI4,  c  4),  [a]i5  +  11.7“  (benzene. c  6);  [a]p  +  9.7“  (dioxane,  c  6);  [a ]^  +  11.3“ 
(CHClg,  c  6). 

Found‘7o:  C  58.91;  H  6.10;  N  3.33;  CH3CO  38.2.  C22H27O9N.  Calculated  °}o:  c  58.79;  H  6.05;  N  3.12;  CH3CO 

38.3. 


t 


Fig.  1.  The  ultraviolet  absorp¬ 
tion  spectra  of  l-(D-6 -tetra- 
acetylglucopyranosyl)-fndoline 
(I)  and  l-(D-0 -tetraa  cetyl - 
glucopyranosyl)-indole  (III). 
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b)  A  mixture  of  5  g  of  6  -pentaacetylglucose,  5  g  of  indoline,  and  5  ml  of  acetic  acid  was  dissolved  in  100  ml 
of  alcohol  and  allowed  to  stand  overnight.  Cyrstals  of  (I)  were  formed;  these  were  filtered  off  after  the  solution  was 
cooled.  The  yield  of  crude  (I)  was  5.26  g.  After  2  crystallizations  from  alcohol,  4.48  g  (77.5^)  of  (1)  with  m.p. 
117-118*  was  obtained.  By  dilution  of  the  mother  liquor  with  water,  2.3  g  of  a  substance  was  isolated  which  yielded 
1,15  g  (56^0)  of  1 -acetyl -indoline,  m.p.  100-101.5*,  after  several  recrystallizations  from  aqueous  alcohol.  A  test 
mixture  with  a  known  sample  of  1-acetylindoline  did  not  give  a  melting  point  depression. 

Analogously,  from  1  g  of  a -pentaacetylglucose  and  1  g  of  indoline  there  were  obtained  1  g  (87"/o)  of  (I),  m.p. 
117.5-118*,  and  0.4  g  (987o)  of  1-acetylindoline,  m.p.  98-100.5*. 

c)  A  solution  of  3.7  g  of  a  -acetobromoglucose  and  3.3  g  of  indoline  in  50  ml  of  dry  benzene  was  heated  for 
half  an  hour  on  a  boiling  water  bath  and  then  let  stand  overnight.  The  precipitated  crystals  of  indoline  hydrobromide 
were  filtered  off  (0.62  g,  34yo);  the  benzene  solution  was  evaporated  in  vacuo  and  the  residue  was  recrystallized  from 
alcohol.  The  yield  of  (I)  was  2.3  g  (57^o),  m.p.  115-116.5*  and  [a]p  +  11.7“  (benzene). 

The  hydrolysis  of  l-(D-6 -tetraacetylglucopyranosyl)-indoline  (I).  A  mixture  of  100  ml  of  3Cf7o  acetic  acid, 

30  ml  of  alcohol,  and  4.5  g  of  (I)  was  steam  distilled.  Three  liters  of  distillate  were  collected.  The  distillate  was 
made  basic  with  sodium  carbonate  and  extracted  with  ether;  the  ether  solution  was  dried  with  potash  and  added  to 
an  ether  solution  of  picric  acid.  The  yield  of  indoline  picrate  was  2.9  g  (83.5*70).  The  rnelting  point  was  164-166* 
(dec.)  (from  alcohol).  The  melting  point  of  a  known  sample  of  indoline  picrate  was  164-165"  (dcc.)-of  the  mix¬ 
ture  164-165"  (dec.). 

The  residue  from  the  steam  distillation  was  evaporated  to  dryness  in  vacuo  and  the  viscous  oil  so  obtained  was 
heated  for  20  min  on  a  boiling  water  bath  with  50  ml  of  acetic  anhydride  and  1  g  of  anhydrous  zinc  chloride.  The 
mixture  was  poured  into  water  and  after  2  hrs  it  was  extracted  with  chloroform;  the  dark  solution  was  dried  over  mag¬ 
nesium  sulfate.  After  removal  of  the  chloroform  in  vacuo  an  oil  remained  which  rapidly  began  to  crystallize.  After 
recrystallization  from  alcohol  the  colorless  crystals  weighed  0.9  g,  m.p.  110-110.5"  and  [a]j^  +  72"  (benzene,  c  4.7). 
The  substance  gave  no  depression  of  the  melting  point  with  a  known  sample  of  a -pentaacetylglucose.  An  additional 
1  g  of  a  -pentaacetylglucose  was  isolated  from  the  mother  liquor  (the  total  yield  was  497o), 

1-(D-B  -tetraacetylglucopyranosyl)-indole  (111).  (1),  4.5  g,  and  chloranil,  2.5  g,  were  dissolved  in  150  ml  of 
dry  m -xylene  and  40  ml  of  the  solvent  was  distilled  away  (b.p.  138").  The  solution  which  contained  no  trace  of 
moisture  was  boiled  for  6  hrs  under  reflux;  it  was  protected  from  atmospheric  moisture  by  a  tube  of  calcium  chloride. 
Another  70  ml  of  xylene  was  distilled  off  and  the  residue  was  placed  for  several  hours  in  a  refrigerator.  The  precipi¬ 
tated  crystals  were  filtered  off,  washed  on  the  filter  with  cold  alcohol,  and  recrystallized  from  alcohol.  The  yield 
of  crude  (111)  was  1.4  g.  The  mother  solution  was  passed  through  a  chromatograpliic  column  containing  40  g  of  alu¬ 
minum  oxide.  The  first  50  ml  of  effluent  xylene  were  colored  yellow  and  contained  0.1  g  of  chloranil;  after  that 
(III)  was  washed  out  with  more  xylene.  The  dark  solution  (about  200  ml)  was  evaporated  to  dryness  and  the  residue 
was  recrystallized  from  alcohol.  An  additional  0.5  g  of  crude  (111)  was  obtained.  All  of  the  crude  (III)  was  recrystal- 
lized  several  times  from  alcohol,  using  activated  charcoal.  The  yield  of  l-(D-6-tetraacetylglucopyranosyl)-indole 
was  1.45  g  (32*7o). 

M.p.  148.5-149"  (from  alcohol);  157.8-158.2*  (from  petroleum. ether).  [a]p°  +  1.5  (CHCI3,  c  5.5). 

Found  *70;  C  59.05;  II  5.86;  N  3.05;  CH3CO  38.4.  CjzHzsOgN.  Calculated  %:  C  59.05;  H  5.63;  N  3.13;  CH3CO 

38.5. 

The  paper  chromatography  of  1-(D-B -tetraacetylglucopyranosyl)-indoline  (I)  and  l-(D-3-tetraacetylgluco- 
pyranosyl) -indole  (III).  "Whatman’s"  paper  (Leningrad)  was  used  for  the  chromatography  of  (I)  and  (III).  The  starting 
spots  of  (I)  and  (III)  contained  60  y ,  The  paper  was  dampened  with  a  ^(fjo  mixture  of  formamide  and  acetone;  it 
was  pressed  between  two  pieces  of  filter  paper,  dried  f<x  10  min  in  air  at  25",  and  placed  in  a  chamber  with  isooctane. 

Only  chemically  pure  formamide  with  a  pH  of  8  is  suitable  for  the  impregnation.  The  chromatogram  was  dried 
in  air  and  then  heated  in  a  cabinet  at  100"  for  10  min.  For  development  the  paper  was  moistened  with  a  1*7“  solution 
of  p-dimethylaminobenzaldehyde  in  a  mixture  of  alcohol  (98  ml)  and  hydrochloric  acid  (2  ml).  Yellow  spots  of  (I) 
immediately  appeared.  It  was  then  moistened  with  a  2^7®  solution  of  p-dimethylaminobenzaldehyde  in  a  5(77o  mix¬ 
ture  of  alcohol  and  hydrochloric  acid.  The  pink  spots  of  (III)  immediately  appeared.  It  was  then  moistened  with 
a  2%  solution  of  p-dimethylaminobenzaldehyde  in  a  5(77o  mixture  of  alcohol  and  hydrochloric  acid.  The  pink  spots 
of  (III)  immediately  appeared.  (Ill)  remained  at  the  starting  spot;  the  Rf  of  (I)  =  0.15. 
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It  Is  less  convenient  to  chromatograph  in  heptane  on  paper  impregnated  with  6  -phenoxyethanol.  (Ill)  remained 
at  the  starting  point;  the  Rf  of  (I)  =  0.04. 

-glucopyranosyl)-lndoline  (II).  To  a  suspension  of  3.7  g  of  (I)  in  50  ml  of  anhydrous  methyl  alcohol  was 
added  1  ml  of  0.1  N  solution  of  sodium  methylate  and  the  mixture  was  stined  at  rocxn  temperature.  After  5  min  the 
solid  was  completely  dissolved.  The  mixture  was  stirred  for  another  15  min,  15  ml  of  water  was  added,  and  a  stream 
of  carbon  dioxide  was  passed  into  the  reaction  mixture  for  1  hr.  The  solution  was  evaporated  in  vacuo  on  a  water 
bath  to  dryness  and  the  residue  was  dried  for  24  hrs  in  a  vacuum  desiccator  over  P2O5.  The  amorphous  substance  which 
remained  was  dissolved  in  a  mixture  of  anhydrous  methyl  alcohol  (20  ml)  and  absolute  ether  (5  ml);  the  solution  was 
cooled  and  a  current  of  carbon  dioxide  was  passed  in  for  15  min.  The  solution  of  the  glucoside  was  filtered  from  the 
sodium  bicarbonate  and  was  then  evaporated  to  dryness  in  vacuo  on  a  water  bath.  The  foamy  material  which  remained 
was  washed  with  dry  ether  and  was  then  dried  over  P205  at  78*.  (II)  was  obtained  in  the  form  of  a  colorless,  amor¬ 
phous,  hygroscopic,  solidified  foam.  The  yield  was  2.3  g  (quantitative).  The  substance  gradually  softened  at  about 
jO*;  the  melt  became  transparent  about  100-110*.  Lo]d— 15*  (water,  c  4.4);  tot]p  ~  8.5*  (formamide,  c  2.7). 

Found  “yo;  C  59.25;  H  7.15;  N  4.97.  C14H19O5N.  CalcuUted  C  58.81;  H  6.83;  N  4.98. 

Rf  =  0.82  in  the  system  butanol -pyridine -water  (3:1:  1.5)  (upper  layer).  Developed  as  for  (I).  A  yellow  spot. 

1-(D -6 -glucopyranosyl) -indole  (IV).  The  deacetylation  of  (III)  and  the  isolation  of  (IV)  was  carried  out  in  the 
same  manner  as  described  for  (I)  and  (II).  From  3  g  of  (III)  there  was  obtained  1.85  g  of  (IV)  (quantitative  yield) 
in  the  form  of  a  colorless,  friable,  amorphous  mass  (a  solidified  foam).  The  substance  is  very  hygroscopic.  At  a  tem¬ 
perature  of  about  80*  it  becomes  resinous;  toward  100*  the  melt  becomes  transparent,  [a]])  -  23*  (water,  c  5.8); 

[a]p  -20*  (formamide,  c  1). 

Found  C  58.70;  H  6.51;  N  4.97;  HjO  1.10.  C14H17O5N  •  2H2O.  Calculated  «7o:  C  59.43;  H  6.19;  N  4.95; 
H2O  1.27. 

Rf  =  0,89  in  the  system  butanolpyridine -water  (3:1:  1.5)  (upper  layer).  Development  as  for  (III).  A  pink  spot. 

SUMMARY 

1.  A  method  of  synthesizing  l-(glycosyl) -indoles  from  acetylated  l-(glucosyl)-indolines  by  means  of  dehydro¬ 
genation  and  subsequent  deacetylation  is  presented. 

2.  l-(D-6-glucopyranosyl)-indole  and  1 -(D- 6 -glucopyranosyl) -indoline  were  prepared. 

3.  The  presence  of  the  pyranose  ring  in  the  molecules  of  l-(D-6 -glucopyranosyl)-indole  and  l-(D-0 -gluco- 
pyranosyl)-indoline  was  shown  by  calculating  the  molecular  rotation  according  to  Hudson. 

4.  Conditions  were  found  for  chromatographing  on  paper  the  compounds:  glucosyl-indole,  glucosyl-indoline, 
and  their  acetyl  derivatives. 
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The  first  thiophene  analog  of  chalcone  was  obtained  by  the  condensation  of  acetothienone  and  benzaldehyde 
in  the  presence  of  hydrogen  chloride  [1],  Grishkevich -Trokhimovskii,  and  Matsurevich  [2]  have  described  the  crotonic 
condensation  of  the  2 -thiophenaldehyde  with  acetone,  acetophenone,  and  other  carbonyl  compounds  in  the  presence 
of  a  2^0  solution  of  sodium  methylate  or  of  a  lO^o  solution  of  sodium  hydroxide.  These  were  the  initial  syntheses  of 
a,  0 -unsaturated  ketones  containing  the  thiophene  ring. 

However,  the  literature  since  that  time  contains  little  information  on  such  compounds.  An  article  [3]  was  pub- 
li^ed  which  described  the  synthesis  and  polymorphism  of  thiophene  and  furan  analogs  of  chalcones.  In  the  last  decade 
there  has  been  a  noticeable  increase  of  interest  in  a,  6  -unsaturated  ketones  of  the  heterocyclic  series,  especially 
derivatives  of  thiophene.  Thus,  reports  have  appeared  on  the  study  of  their  absorption  spectra  [4],  on  the  search  for 
biologically  active  preparations  among  them  [5],  on  their  usefulness  as  intermediates  in  organic  syntheses  [6],  etc.  [7]. 

A  considerable  number  of  the  thiophene  analogs  of  chalcone  and  their  vinylogs  which  contain  pentadienones 
having  one  or  two  heterocyclic  nuclei  are  known  at  the  present  time.  Thus,  for  example,  we  [8]  recently  described 
a  series  of  1 -thienyl -3 -phenylpropenones  and  1 -thienyl -5 -phenylpentadienones  which  contained  a  single  nitro  or 
methoxy  group  in  the  aromatic  nucleus,  as  well  as  some  other  unsaturated  thiophene  ketones. 

In  the  present  work  we  set  ourselves  the  goal  of  obtaining  a  systematic  series  of  propenones  and  pentadienones 
containing  thiophene  and  aromatic  rings  in  the  1,3-  and  1,5 -positions -the  aromatic  substituents  being  the  2,4-di- 
methoxyphenyl  and  2,4,6 -trimethoxyphenyl  radicals  so  that  they  would  have  a  strong  electropositive  character. 

The  syntheses  of  the  di-  and  trimethoxy  derivatives  were  accomplished  through  the  crotonic  condensation  of 
2 -thiophenaldehyde,  2-thiophenacraldehyde,  and  2 -acetothienone  with  2,4-dimethoxy-  and  2,4,6 -trimethoxy -aceto¬ 
phenone,  benzaldehyde,  cinnamaldehyde,  and  benzalacetone  according  to  the  scheme 

R— C-H -I-CH3— C^R,  — ►  Ri— C— CH=C1I— R -I- HjO 

R  and  Rj  =  the  thienyl  and  aryl  radicals. 

In  spite  of  the  data  in  the  literature  which  indicate  that  electropositive  substitutents  in  the  aromatic  nucleus 
hinder  the  crotonic  condensation  [9],  the  reaction  proceeded  easily  in  all  cases  at  room  temperature  in  aqueous  al¬ 
coholic  solution  in  the  presence  of  a  small  quantity  of  sodium  hydroxide,  and  was  usually  finished  within  a  few  hours. 

The  majority  of  the  intermediates  necessary  fw  these  condensations  were  obtained  by  methods  described  in  the 
literature,  only  2,4 -dim  ethoxy  cinnamaldehyde,  2,4-dimethoxy-  and  2,4,6 -trimet/oxybenzalacetone  were  synthesized 
by  original  methods.  The  synthesis  of  2, 4 -dim  ethoxy  cinnamaldehyde  from  a  compound  not  ordinarily  available  Is 
described  in  the  literature  [10],  We  were  able  to  obtain  it  easily  by  the  ordinary  crotonic  condensation  from  2,4- 
dimethoxybenzaldehyde  and  acetaldehyde.  It  is  interesting  that  an  attempt  to  obtain  the  analogous  compound  2,4,6- 
trlmethoxycinnamaldehyde  in  the  same  fashion  was  unsuccessful. 

2,4-Dimethoxybenzalacetone  was  obtained  by  Berlin  and  Sycheva  [11]  from  2,4-dimethoxybenzaldehyde  and 
acetone  in  the  form  of  an  oil,  and  by  Nesmeyanov,  Kochetkov,  and  Matov  through  the  chloryovinyl  ketone  in  1^ 
yield  with  a  melting  point  of  62*.  We  obtained  this  product  easily  in  about  80^o  yield  in  pure  form  with  a  melting 
point  of  64-65*  through  the  reaction  of  2,4-dimethoxybenzaldehyde  with  a  large  excess  of  acetone.  The  use  of  a 
large  excess  of  acetone  for  this  synthesis  is  necessary  since  a  side  reaction  may  occur  through  the  interaction  of  two 
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molecules  of  the  corresponding  aldehyde  witfi  one  molecule  of  acetone,  leading  to  the  formation  of  the  more  dif- 
flcutly  soluble  derivative  of  dibenzalacetone,  which  contaminates  the  main  product  and  lowers  its  yield.  We  ob¬ 
tained  2,4,6 -trlmethoxybenzalacetone  analogously;  it  had  been  obtained  earlier,  although  in  impure  form  [13]. 

The  unsaturated  ketones  (VI)  and  (VIll)  (Table  1)  were  obtained  by  two  methods,  which  once  again  confirmed 
the  structure  of  these  compounds. 

All  of  the  thiophene  analogs  of  2,4-dl-  and  2,4,6 -trimethoxychalcones  and  their  vinylogs  -  the  corresponding 
pentadienones  -  were  solid,  we  11 -crystallized  substances,  which  possessed  brilliant  halochromic  properties.  All  of 
them  were  quite  soluble  in  alcohol,  ether,  benzene,  and  numerous  other  organic  solvents,  and  were  insoluble  in  water. 

We  synthesized  nine  thiophene  analogs  of  the  di-  and  trimethoxychalcones  and  their  vinylogs:  l-thlenyl-3- 
(2,4-dlmethoxyphenyl)-propenone-l  (1),  l-thienyl-3-(2,4-dimethoxyphenyl)-propenone-3  (11),  l-thlenyl-3-(2,4,6- 
trlmethoxyphenyl)-propenone-l  (111),  l-thienyl-3-(2,4,6-trimethoxyphenyl)-propenone-3  (IV),  1 -thienyl -5 -(2,4- 
dlmethoxyphenyl)-pentadiene-2,4-one-l  (V),  l-thienyl-5-(2,4-dlmethoxyphenyl)-pentadiene-l,4-one-3  (VI),  1- 
thienyl-5-(2,4-dlmethoxyphenyl)-pentadiene-l,3-one-5  (VII),  1 -thienyl-5 -(2,4,6 -trimethoxyphenyl)-pentadiene- 
l,4-one-3  (VIII),  l-thienyl-5-(2,4,6-trimethoxyphenyl)-pentadiene-l,3-one-5  (IX). 


0— CO— (:n=(:n— OCH.,  \  j— CH=cH— CO— <'  \-0CH 

\ _ /  ■  '  c  \ _ X 


/ 

OCH3 


\ _ / 

/ 

OCH3 


(1) 


OCH3  0CH3 

j^_CO— CH=CH— OCIlj  j^l-CH=CH— CO— ^  ^-OCIIj 

(5c;ii3  (5c  H3 
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The  basic  data  on  these  products  are  cited  in  Table  1,  the  analyses  in  Table  2. 
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TABLE  1.  Thiophene  Analogs  of  Chalcone  and  Their  Vinylogs 
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EXPERIMENTAL 

2,4-Dlmethoxycinnamaldehyde.  To  a  solution  of  10  g  of  2,4-dimethoxybenzaldehyde  [14]  in  140  ml  of  methyl 
alcohol  there  was  added  3  ml  of  freshly  distilled  acetaldehyde,  20  ml  of  a  solution  of  sodium  hydroxide,  and  40  ml 
of  water.  The  mixture  was  mechanically  shaken  fcx  7  days.  Daily,  for  the  first  five  days  there  was  added  to  the  mix¬ 
ture  3  ml  of  acetaldehyde,  in  all  15  ml.  After  7  days,  the  methyl  alcohol  was  distilled  away;  the  residue  was  ex¬ 
tracted  with  benzene:  the  benzene  layer  was  dried  over  magnesium  sulfate.  The  solvent  was  distilled  off,  and  the 
residue  was  fractionated  In  vacuo,  the  fraction  distilling  at  185-200'  (1-2  mm),  being  collected.  A  Ifh  yield  (10  g) 
of  almost  colorless  needles  was  obtained  with  m.p.  100'  (from  petroleum  ether  and  l(flo  aqueous  methanol);  this  is 
in  agreement  with  the  data  of  the  literature  [10]. 

The  2,4-dinitrophenylhydrazone  was  obtained  in  the  form  of  orange-red,  fine  crystals  with  m.p.  250'  (from 
benzene). 

Found  <70;  N  15.22,  15.32.  CiyH^OfeNv  Calculated  <70:  15.04. 

The  semicarbazone  was  obtained  in  the  form  of  yellowish  platelets  with  m.p.  200',  which  is  in  agreement  with 
the  data  of  the  literature  [10]. 


TABLE  2.  Data  of  the  Elementary  Analyses 


Ketone 

Minimal  for¬ 
mula  of  the 
ketone 

‘7oS  1 

Minimal  for¬ 
mula  of  the  2,4- 
dinitrophenyl¬ 
hydrazone 

*70  N 

calc. 

< 

found 

calc. 

found 

(I) 

^isll  14^3^ 

11.68 

11. .58,  11. .54 

C21 H  i80(iN4S 

12.32 

12.04,  12.00 

(II) 

C,, II  ,40,8 

11.68 

11.67,  11. .58 

C2,H,h06N48 

12.32 

12.19,  12.25 

(III) 

C„,H,„04S 

10..53 

10.20.  10.66 

C2.>II.;o07N48 

11. .5.5 

11.39,  11.71 

(IV) 

C, oil  ,,048 

10.53 

10.20.  10.22 

C22II20O7N4S 

11.55 

11.39,  11.57 

(V) 

C17II 10O38 

10.67 

10.33.  10.7.5 

C2;,ll2oOfiN4S 

11.65 

11.90,  11.94 

(VI) 

C17II 1CO38 

10.67 

10.31,  10.47 

C23II  2oO(  N4S 

11.65 

11.74,  11.93 

(VII) 

C17II  ifl03S 

10.^ 

10.32.  10.69 

C23II20O6N48 

11.65 

11. .53.  11.62 

(VIII) 

OihH  10048 

9.70 

9.7.5,  10.04 

C.,4ll2)0,N48 

10.97 

11.21.  11.18 

(IX) 

C,«II,«04S 

9.70 

9.38,  9.40 

C24H2207N4S 

10.97 

10.96,  11.16 

2,4 -Dimethoxybenzalacetone.  To  a  solution  of  2  g  of  2,4-dimethoxybenzaldehyde  in  30  ml  of  acetone  was 
added  100  ml  of  water,  30  ml  of  isopropyl  alcohol,  and  drop-wise  and  with  stirring  10  ml  of  a  l(f}o  solution  of  sodium 
hydroxide.  On  the  following  day  the  light  yellow  crystals  which  had  precipitated  were  washed  with  water,  and  dried 
in  vacuo.  The  yield  was  2  g  of  colorless  platelets,  m.p.  64-65'  (from  petroleum  ether  and  Kflo  methanol). 

Found ‘yo:  C  69.74,  70.09;  H  6.96,  7.16.  CcHiA.  Calculated  *70:  C  69.86;  H  6.84. 

The  2,4-dinitrophenylhydrazone  was  obtained  in  the  form  of  dark-red  needles,  soluble  in  benzene,  chloroform, 
and  acetic  acid,  and  insoluble  in  water,  alcohol,  and  ether.  The  melting  point  was  247°  (from  benzene). 

Found ‘7°:  N  14.47,  14.61.  Ci8Hi80feN4.  Calculated  <70:  N  14.49. 

The  semicarbazone  was  isolated  as  light -yellow  platelets  of  m.p.  206'  (from  alcohol). 

Found  <70:  N  15.89,  16.07.  CjjHiTQjNa.  Calculated  N  15.95. 

The  thiosemicarbazone  was  isolated  in  the  form  of  yellow  needles  of  m.p.  170',  in  agreement  with  the  data 
of  the  literature  [11]. 

2 ,4,6 -Trimethoxybenzalacetone  was  obtained  in  a  manner  analogous  to  the  preceding.  The  colorless  needles 
melted  at  123'. 

Found  °Jo:  C  65.94,  65.83;  H  7.01,  6.95.  CJ3HKO4.  Calculated  1o‘,  C  66.08;  H  6.82. 

The  2,4-dinitrophenylhydrazone  was  isolated  in  the  form  of  orange -red  crystals  of  melting  point  260'  (from 
benzene). 
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Found  ‘7o:  N  13.58,  13.76.  C19H20O7N4.  Calculated  °lo:  N  13.45. 

The  semicarbazone  was  isolated  in  the  form  of  greenish -yellow  needles  of  m.p.  182*  (from  alcohol). 

Found  ^0:  N  14.48,  14.52.  C14H19O4N3.  Calculated  N  14.31. 

The  thiosemicarbazone  was  isolated  in  the  form  of  yellow,  small  crystals  of  m.p.  197"  (from  alcohol). 

Found  *70;  S  10.63,  10.70.  C14H19O3N3S.  Calculated  *70;  S  10.36. 

The  ketone  products  (1-lX).  To  a  solution  of  equimolecular  quantities  of  the  methyl  ketone  (0.01  g-mole)  and 
of  the  aldehyde  in  a  small  quantity  of  alcohol  (30  ml)  there  was  gradually  added  with  stirring  a  b-lO^  solution  of 
sodium  hydroxide  (2-5  ml).  On  the  following  day  the  precipitate  was  filtered  off,  washed  with  70^o  aqueous  alcohol, 
and  recrystallized  from  aqueous  alcohol  (using  activated  charcoal)  until  a  constant  melting  point  was  obtained. 

The  2,4 -dinitrophenylhydra zones  of  these  ketones  were  obtained  by  mixing  eqtiimolecular  quantities  of  an  al¬ 
coholic  solution  of  the  unsaturated  ketone  with  a  hydrochloric  acid  solution  of  2,4-dinitrophenylhydrazine  and  heating 
the  mixture  momentarily  on  a  water  bath.  The  precipitate  was  filtered  off  on  the  following  day  and  washed  with 
hydrochloric  acid,  alcohol,  and  edier;  it  was  recrystallized  from  benzene  or  from  glacial  acetic  acid  until  a  constant 
melting  point  was  obtained. 

SUMMARY 

1.  Methods  were  developed  for  the  formation  of  2,4-dimethoxycinnamaldehyde,  2,4-dimethoxy-  and  2,4,6- 
trimethoxybenzalacetones.  Several  of  their  derivatives  are  described. 

2.  A  series  of  new  thiophene  analogs  of  di-  and  trimethoxychalcones  and  their  vinylogs  have  been  obtained 
through  the  crotonic  condensation,  starting  from  2-acetothienone,  2-thiophenaldehyde  and  2-thiophenacraldehyde. 
Their  2,4-dinitrophenylhydrazones  and  some  physical  and  chemical  properties  are  described. 
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HETEROCYCLIC  COMPOUNDS 

SYNTHESIS  OF  BENZOATES  OF  y  -  AND  6 -ISOMERS  OF  1-(1-PHENYL- 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 

pp.  2851-2853,  September,  1961 

Original  article  submitted  September  15,  1960 


In  previous  communications  [1,  2]  there  were  described  the  benzoates  of  1-alkenyl  (alkyl)  -  2,5-dimethyl-4- 
ethynyl-4-plperidols,  which  possess  relatively  high  anesthetic  power.  In  order  to  ascertain  the  effect  of  a  phenyl 
group  on  the  anesthetic  activity  of  the  esters,  in  the  present  work  we  synthesized  the  benzoates  of  the  y  -  and  0  - 
isomers  of  l-(l-phenyl-l-propenyl)-2,5-dimethyl-4-elhynyl-4-piperidol  (III). 

The  initial  individual  Isomers  (y  -,  6-,  and  liquid)  of  1-(1 -phenyl-1 -propenyl)-2, 5 -dimethyl-4-ethynyl-4- 
piperidol  (II)  were  obtained  with  high  yields  (above  by  heating  1  mole  of  2,5-dimethyl-4-ethynyl-4-piperidol 

(I)  [3]  with  1  mole  of  l-phenyl-3-bromopropene-l  in  acetone  or  ethanol  solution  with  potassium  carbonate  [4,  5]. 


HC=C^^^01I 

".iO— 

/\ 

BrCH,CH=CHC,H, 

H3C-I  1 

\  /— 1^1*3 

k,c6,  ^ 

^  ;-ch3 

1 

H 

1 

011.^011= 

(I)  (y  "f  0  "t  and  liquid  isomers) 


(II)  (y  -  ,  0  -,  and  liquid  isomers) 


By  esterification  of  the  y-  and  0 -isomers  of  l-(l-phenyl-l-propenyl)-2,5-dimethyl-4-ethynyl-4-piperidol  (II) 
with  benzoyl  chloride,  the  benzoates  (III)  were  obtained. 


,011 


nc=c^^ocoCcii5 


C.HsCOCl  "3'-'  1 

"  1  j-CH3 

OHjClI^CHCells 

1 

CH2C1I=CIICgH.5 

(II)  (y  -  and  0  -isomers) 


(III)  (y  -  and  0  -isomers) 


EXPERIMENTAL 

l-(l-Phenyl-l-propenyl)-2, 5 -dimethyl  l-4-ethynyl-4-piperidol  (II).  1)  y  -Isomer.  A  mixture  of  3.1  g  of  the 
y  -isomer  of  2,5-dimethyl-4-ethynyl-4-piperidol  (m.p.  93-94°)  [3],  40  ml  of  anhydrous  acetone,  and  5.5  g  of  anhydrous 
powdered  potassium  carbonate  was  placed  in  a  three -necked  flask  fitted  with  a  stirrer,  reflux  condenser,  and  dropping 
funnel;  while  stirring  the  mixture  vigorously  at  50°,  a  solution  of  4.4  g  of  l-phenyl-3-bromopropene-l  (b.p.  106-108° 
at  4  mm,  n^  1.6168,  m.p.  31-32°)  [6]  was  added  dropwise  over  30  minutes.  The  reaction  mixture  was  stirred  and 
heated  5  hours  at  65-70°  and  then  allowed  to  stand  overnight.  The  precipitate  was  Altered  off  and  washed  several 
times  with  anhydrous  ether.  The  acetone  and  the  wash  ether  was  distilled  off,  and  the  solidiAed  residue  was  re¬ 
crystallized  three  times  from  benzene  (once  by  boiling  with  activated  charcoal).  Obtained  3.87  g  (72^)  of  the  y  - 
isomer  of  1-(1 -phenyl-1 -propenyl)-2, 5 -dimethyl -4-ethynyl-4-piperidol  (II)  with  m.p.  113-114*. 

A  mixed  sample  with  the  initial  piperidol  melted  at  75-87°. 
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Found  °Jo:  N  5.16,  5.14.  CigHjaON.  Calculated  N  5.19. 

The  hydrochloride  was  obtained  from  2  g  of  the  piperidol  (m.p.  113-114")  dissolved  in  5  ml  of  anhydrous 
acetone,  adding  an  ether  solution  of  dry  hydrogen  chloride  up  to  acidic  reaction  to  Congo.  Tlie  precipitate  was  fil¬ 
tered  off  and  recrystallized  from  anhydrous  alcohol.  Obtained  2.08  g  (91.2%)  of  the  hydrochloride  of  the  y  -isomer 
of  l-(l-phenyl-l-propenyl)-2,5-dimethyl-4-ethynyl-4-piperidol  with  m.p.  239-240*.  A  mixed  sample  with  the 
hydrochloride  of  the  initial  piperidol  melted  at  169-177". 

Found  %:  N  4.30,  4.31.  C18H24ONCI.  Calculated  %;  N  4.55. 

2)  6  -Isomer.  To  a  mixture  of  6.2  g  of  the  6 -isomer  of  2,5-dimethyl-4-ethynyl-4-piperidol  (m.p.  131-132") 
[3],  50  ml  of  anhydrous  alcohol,  and  11  g  of  anhydrous  powdered  potassium  carbonate,  stirring  at  60",  there  was  added 
dropwise  over  30  minutes  a  solution  of  8.6  g  of  1 -phenyl -3 -bromopropene-1  in  10  ml  of  anhydrous  alcohol.  The 
mixture  was  heated  with  vigorous  stirring  for  5  hours  at  75-80*  and  allowed  to  stand  overnight.  The  precipitate  was 
filtered  off  and  washed  thoroughly  with  anhydrous  ether.  The  alcohol  and  the  wash  ether  were  distilled  off,  and  the 
crystallized  residue  was  recrystallized  twice  from  acetone  (once  by  boiling  with  charcoal).  Obtained  8.1  g  (75.3%) 
of  the  6 -isomer  of  l-(l-phenyl-l-propenyl)-2,5-dlmethyl-4-ethynyl-4-pipcridol  (II)  with  m.p.  135-136".  A  mixed 
sample  with  the  initial  piperidol  melted  at  97-103". 

Found  %;  N  5.56,  5.28.  C18H23ON.  Calculated  %:  N  5.19. 

The  hydrochloride  of  the  piperidol  was  obtained  by  adding  an  ether  solution  of  dry  hydrogen  chlOTide  to  an  al¬ 
coholic  solution  of  the  base.  From  0.25  g  of  the  base,  obtained  0.24  g  of  the  hydrochloride  with  m.p.  223-224"  (from 
alcohol).  A  mixed  sample  with  the  hydrochloride  of  the  initial  piperidol  melted  at  174-185*. 

Found  %:  N  4.46  ,  4.27.  Ci8n240NCl.  Calculated  %:  N  4.55. 

3)  Liquid  isomer.  A  mixture  of  2.3  g  of  the  liquid  isomer  of  2,5-dimethyl-4-ethynyl-4-piperidol  (np  1.4905) 
[3],  4  g  of  anhydrous  potassium  carbonate,  30  ml  of  anhydrous  acetone,  and  3.3  g  of  1 -phenyl-3 -bromopropene-1  was 
heated  5  hours  at  70-75".  The  precipitate  was  separated  and  washed  with  ether,  the  wash  ether  and  the  acetone  were 
distilled  off,  and  the  residue  was  vacuum  distilled.  Obtained  0.8  g  of  the  liquid  isomer  of  1 -(1 -phenyl -1-propenyl)- 
2,5-dimethyl-4-ethynyl-3-piperidol  (II)  in  the  form  of  a  thick  liquid.  B.p.  190-192"  (2  mm),  n^  1.5460. 

Found  %:  N  5.20,  5.24.  C18H23ON.  Calculated  %:  N  5.19. 

Benzoate  of  y -isomer  of  l-(l-phenyl-l-propenyl)-2,5-dimethyl-4-ethynyl-4-piperidol  (III).  1)  A  mixture  of 

l. 35  g  of  the  y  -isomer  of  l-(l-phenyl-l-propenyl)-2,5-dimethyl-4-ethynyl-4-piperidol  (m.p.  113-114"),  2.1  g  of 
benzoyl  chloride,  and  7  ml  of  anhydrous  pyridine  was  heated  15  hours  at  100-110",  then  after  cooling  was  diluted 
with  10  ml  of  anhydrous  ether  and  allowed  to  stand  overnight.  The  precipitate  was  filtered  off.  Obtained  0.82  g  of 
the  hydrochloride  of  the  benzoate  of  the  y -isomer  of  l-(l-phenyl-l-propenyl)-2,5-dimethyl-4-ethynyl-4-piperidol 
(III)  with  m.p.  210-211.5"  (from  a  5  :  1  mixture  of  acetone  and  alcohol).  A  mixed  sample  with  the  hydrochloride 
of  the  initial  piperidol  melted  at  198-204". 

Found  %:  N  3.40,  3.37.  C25H280ijNCl.  Calculated  %:  N  3.41. 

From  the  mother  liquor,  after  distilling  off  the  solvents  and  suitable  treatment  of  the  residue,  obtained  0.2  g 
of  the  benzoate  (III)  in  the  form  of  the  base,  with  m.p.  109-110"  (from  petroleum  ether). 

Found  %:  N  3.55,  3.75.  C25H27O2N.  Calculated  %:  N  3.74. 

The  benzoate  gave  a  mixed  melting  point  of  88-93"  with  the  initial  piperidol,  and  gave  a  hydrochloride  with 

m. p.  210-211.5". 

2)  A  mixture  of  1.52  g  of  the  hydrochloride  of  the  y  -isomer  of  l-(l-phenyl-l-propenyl)-2,5-dimethyl-4- 
ethynyl-4-piperidol,  2.1  g  of  benzoyl  chloride,  and  7  ml  of  dry  pyridine  was  heated  15  hours  at  100-110".  Then 
the  excess  acid  chloride  and  pyridine  were  distilled  off  under  vacuum  (aspirator);  the  residue  after  treamient  with 
anhydrous  ether  and  recrystallization  weighed  1.24  g;  m.p.  210-211.5"  (from  mixture  of  acetone  and  alcohol). 


Benzoate  of  6 -isomer  of  l-(l-phenyl-l-propenyl)-2,5-dimethyl-4-ethynyl-4-piperidol  (III).  A  mixture  of 
2.7  g  of  the  6 -isomer  of  l-(l-phenyl-l-propenyI)-2,5-dimethyl-4-ethynyl-4-piperidol  (m.p.  135-136"),  4.2  g  ben¬ 
zoyl  chloride,  and  10  ml  of  anhydrous  pyridine  was  heated  15  hours  at  100-110".  By  the  method  described  above, 
the  benzoate  could  not  be  separated  successfully  from  the  reaction  mass  in  the  form  of  a  crystalline  hydrochloride. 
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After  distilling  off  the  solvent  and  the  excess  acid  chloride,  the  residue  was  treated  with  ether  and  with  sodium  car¬ 
bonate  solution:  the  separated  base  was  extracted  with  ether.  After  drying  with  sodium  sulfate  and  distilling  off  the 
ether,  obtained  0.7  g  of  the  benzoate  of  the  6 -Isomer  of  l-(l-phenyl-l-propenyl)-2,5-dlmethyl-4-ethynyl-4- 
plperldol  (III)  with  m.p.  126-127*  (from  gasoline). 

A  mixed  sample  with  the  initial  piperidol  melted  at  105-112*.  The  hydrochloride  of  the  benzoate  melted  at 
199-200*. 

Found  N  3.70,  3.71.  GjjH,  AN.  Calculated  %  N  3.74. 

A  mixed  sample  with  the  hydrochloride  of  the  initial  piperidol  melted  at  175-184*,  and  with  the  hydrochloride 
of  the  benzoate  of  the  y  -isomer  of  this  piperidol  (m.p.  210-211.5*)  at  183-192*. 

Found‘d:  N  3.45,  3.40.  GtsHjANCl.  Calculated®^:  N  3.41. 

SUMMARY 

1.  By  the  interaction  of  1  mole  of  the  y  -,  6  -,  and  liquid  isomers  of  2,5-dimethyl-4-ethynyl-4-piperidol 

with  1  mole  of  1 -phenyl -3 -bromopropene-1  in  acetone  or  ethanol  with  potassium  carbonate,  the  ccxresponding  isomers 
(y,  6,  and  liquid)  of  l-(l-phenyl-l-propenyl)-2,5-dimethyl-4-ethynyl-4-piperidol  have  been  obtained. 

2.  The  benzoates  of  the  y  -  and  0  -isomers  of  1-(1 -phenyl-1 -propenyl)-2,5-dimethyl-4-ethynyl-4-piperidol 
have  been  synthesized. 
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Recently  we  have  prepared  cyanine  dyes  containing  various  unsaturated  substituents  in  their  side  chalirs  [1-8] 
and  have  investigated  their  optical  and  photographic  properties  [8-12].  It  was  found  that  the  introduction  of  un¬ 
saturated  substituents  into  the  heterocyclic  rings  of  a  cyanine  dye  molecule  displaces  the  absorption  band  sharply 
toward  the  long -wave  portion  of  the  spectrum.  Cyanine  dyes  with  triple  bonds  in  the  molecule  are  in  general  un¬ 
known  up  to  the  present.  Several  years  ago  work  was  published  in  which  triphenylmethane  dyes  containing  a  triple 
bond  were  reported  [13-15].  Polymethine  dyes  containing  an  acetylene  group  are  cited  In  a  patent  [16]. 


/  s_.S  “ 

I  11  \  I 

1  I  \c— cn=(;n-('.ii=c— c=CH. 

I 

('2H5 

Recently  a  pyridodimethinemerocyanine  has  been  synthesized  containing  a  phenylacetylenyl  radical  on  the 
pyridine  ring  [17].  These  examples  exhaust  the  literature  on  dyes  containing  a  triple  bond. 

In  the  present  communication  cyanine  dyes  are  described  containing  phenylacetylenyl  radicals  on  benzothiazole 
and  quinoline  rings.  The  synthesis  of  such  dyes  was  accomplished  acccvding  to  the  scheme : 


The  bases  which  we  obtained  are  listed  in  Table  1. 

The  ultraviolet  absorption  spectra  of  the  bases  synthesized  are  shown  in  Figs.  1-3.  From  the  figures  it  is  evident 
that  on  introducing  styryl  radicals  into  a  quinaldine  or  2-methylbenzothiazole  molecule,  an  intense  abscx'ption  band 
(K-band)  appears  in  the  near -ultraviolet,  the  nature  of  which  is  dependent  on  the  conjugation  of  the  heterocyclic 
ring  with  the  unsaturated  substituent  (Figs.  1-3,  curves  2,  5,  8).  When  the  conjugation  Is  destroyed  by  adding  bromine 
to  the  double  bond  of  the  styryl  group,  the  K-band  disappears  completely  (curves  3,  6,  9). 

On  replacement  of  the  styryl  radicals  by  phenylacetylenyl  radicals,  all  three  absorption  bands  that  are  charac¬ 
teristic  for  styryl  derivatives  of  2-methylbenzothiazole  and  quinaldine  are  shifted  toward  the  short-wave  region  of 
the  spectrum  (curves  4,  7,  10).  At  the  same  time,  the  intensity  of  absorption  of  the  bases  with  the  triple  bond  is 
somewhat  less  than  the  intensity  of  absorption  of  the  corresponding  styryl  derivatives.  In  order  to  establish  the  pres¬ 
ence  of  the  triple  bond,  the  infrared  absorption  spectra  of  these  bases  were  taken.  It  is  well  known  that  there  are 
primary  bands  in  the  2260-2190  cm"^  region  of  the  infrared  spectra  of  disubstituted  acetylenic  hydrocarbons  [18]. 
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TABLE  1 
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Position 
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(1)  i 

CJIj-Cimr-CH  Rr 
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5 

(II) 
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6 

(III) 
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-CH=CH  — 

6 

(IV) 

S 

5 

(V) 

s 

6 

(VI) 

(:6ii5-c=c 

-Cll=CIi- 

6 

The  infrared  absorption  spectra  of  compounds  (IV)  and  (VI),  taken  on  an  IKS-12  spectrometer,*  are  shown  In 
Fig.  4. 

From  Fig.  4  it  is  evident  that  for  2-methyl-5-phenylacetylenylbenzothiazole  (IV)  there  are  two  bands  in  the 
infrared  absorption  spectrum,  one  at  2205  cm"^  (4.52  p)  and  the  other  at  2195  cm"*  (4.58  p);  the  latter  Is  not  very 
intense. 


Fig,  1.  UV  absorption  spectra.  1) 
2-Methylbenzothiazole;  2)2- 
methyl-5-styryIbenzothiazole;  3) 
2 -methyl -5 -(a,  8  -dibromo-8- 
phenylethyl)-benzothiazole;  4)  2- 
methyl  -5  -phenylacety  lenylben  - 
zothiazole. 


\  m/i 

Fig.  2.  UV  absorption  spectra.  5) 
2-Methyl-6-styrylbenzothiazole;  6) 
2-methyl-6-(  a,  8  -dibromo-8  - 
phenylethyl)-benzothiazole:  7)  2- 
methyl  -6  -phenylacety lenylben  - 
zothiazole. 


Fig.  3.  UV  absorption  spectra.  8) 
2-Methyl-6-styrylquinoline;  9) 
2-methyl-6-(  a,8  -dIbromo-8 - 
phenylethyl)- quinoline;  10)  2- 
methyl-6 -phenylacety  lenyl- 
quinoline. 


For  2 -methyl-6 -phenylacetylenylquinoline  (VI),  only  one  band  was  detected,  at  2205  cm"*(4.52  p).  On  heat¬ 
ing  the  base  with  diethyl  sulfate  ch:  ethyl  p-toluenesulfonate,  quaternary  salts  are  formed  which  are  readily  condensed 


•  The  measurements  of  the  ultraviolet  and  infrared  spectra  were  carried  out  by  A.  A.  Kisilenko,  for  which  we  ex¬ 
press  our  gratitude. 
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TABLE  2 


(;pm- 

pound 

No. 

R 

Y 

Position 
of  sub¬ 
stituent 

-  i 

C„H,-CH=CH- 

s 

5..V 

582 

}  » 

(VII)  \ 

CoH5-C=C- 

s 

5.5' 

574 

-  I 

CeH5-CH=Cn- 

s 

6.6' 

600 

\  « 

(VIII)  \ 

C„H5-C=C- 

s 

6.6' 

592 

-  ( 

C„ll5-CII=CII  - 

-c:H=cn- 

6.6' 

646  (.596) 

1 

(IX)  \ 

C„H5-C=C- 

-cn=cn- 

6.6' 

636  (588) 

with  orthoformic  ester  in  pyridine,  forming  carbocyanines.  The  base  (II)  (mi  heating  with  diethyl  sulfate  and  sub¬ 
sequent  condensation  of  the  resulting  quaternary  salt  with  orthoformic  ester  in  acetic  anhydride  medium,*  gives  3,3’- 
diethyl-6,6’-bis(  a,  6-dibromo-0-phenylethyl)-thiacarbocyanine  (absorption  maximum  566  mp). 
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6.Z  6.6  6.6 


Fig.  4.  IR  absorption  spectra.  (IV)  2 -Methyl -5 -phenyl - 
acetylenylbenzothiazole;  (VI)  2-methyI-6-phenylacetyl- 
enylquinoline. 


The  absorption  maxima  for  certain  carbocyanines  containing  phenylacetylenyl  radicals  are  shown  in  Table  2, 
The  absorption  maxima  of  the  corresponding  distyrylcarbocyanines,  which  we  obtained  previously  [1,  2,  4],  are  also 
diown  for  comparison.  From  these  data  it  is  evident  that  carbocyanines  containing  styryl  groups  on  the  heterocyclic 
rings  absorb  light  at  longer  wave  lengths  than  do  the  carbocyanines  containing  phenylacetylenyl  radicals  at  the  same 
positions. 

At  the  same  time,  the  magnitude  of  the  hypsochromic  shift  for  the  5,5*  and  6,6*  substituted  thiacarbocyanines 
and  for  the  6,6’-diphenylacetylenylquinocarbocyanines  is  almost  identical,  and  is  equal  to  8-10  mp. 


*  If  the  condensation  is  carried  out  in  pyridine,  a  blue -violet  dye  is  formed.  Probably  hydrogen  bromide  is  split  out, 
forming  a  triple  bond. 


2661 


TABLE  3 


C=CH-CH=C — S 
N'  0=C  C=S 

I  \  / 

C*H5  1 

C,H, 


Com¬ 

pound 

No. 

R 

Y 

Position 

of  sub¬ 
stituent 

Absorption 

max.,  mp 

Hypso¬ 
chromic 
shift  of 
absorption 
max.,  mp 

-  / 

C„H,i-CH=CH- 

s 

5 

531 

(X)  \ 

Cells-C^C- 

s 

5 

526 

I  ^ 

-  1 

CbH,-CH=CH- 

s 

6 

540 

(XI)  \ 

— c=c — 

s 

6 

536 

-  1 

C8H5-CH=CH- 

-CI1=CH- 

6 

584(550) 

1  4 

(XII)  i 

— C=C — 

-C  H=CH- 

6 

580(544) 

(  ^ 

Analogous  relationships  are  observed  for  the  majority  of  the  polyenes  and  polyynes;  at  the  same  time,  the 
polyynes  as  a  rule  absorb  light  at  a  somewhat  shorter  wave  length  than  do  the  polyenes  [19]. 

The  absorption  curves  of  the  carbocyanines  with  phenylacetylenyl  groups  are  monotypic  and  in  nature  are  en¬ 
tirely  undistinguishable  from  the  absorption  curves  of  the  dyes  containing  styryl  groups.  A  difference  exists  only  in 
the  position  of  the  absorption  maxima. 

The  quaternary  salts  were  also  condensed  with  3-ethyl-5-(acetanilldomethylene)-rhodanine  in  anhydrous  al¬ 
cohol  in  the  presence  of  trlethylamine;  thereby  merocyanines  were  obtained,  as  shown  in  Table  3. 

From  the  data  of  Table  3  it  is  evident  that  replacing  the  styryl  radicals  by  phenylacetylenyl  radicals  in  the 
merocyanine  molecule  also  causes  a  hypsochromic  shift,  equal  to  4-5  mp. 

EXPERIMENTAL 

2 -Methyl-6 -(g  ,B  -dibiomo-B  -phenylethyl)-benzothiazole  (II).  A  2.5  g  quantity  of  2-methyl-6-styrylbenzo- 
thiazole  [1]  was  dissolved  in  25  ml  of  carbon  tetrachloride.  The  solution  was  cooled  to  5°,  and  1.6  g  bromine  in  12  ml 
carbon  tetrachloride  was  added  in  2-3  portions.  After  adding  all  the  bromine,  the  mixture  was  cooled  1.5  hr  in  ice 
water.  The  precipitate  (2.14  g)  was  filtered  off  and  dried.  On  the  following  day,  another  0.16  g  of  the  dibromide 
had  precipitated  from  the  mother  liquor.  Total  yield  2.3  g  (56^o),  m.p.  151-152*.  After  crystallizaticm  from  90  ml 
isobutanol,  yield  1.7  g  {41‘’}o),  m.p.  171*.  Lustrous,  colorless  needles. 

Found  Br  38.84,  39.00.  Ci6Hj3NSBr2.  Calculated  °lo:  Br  35.58. 

2-Methyl-5-(g ,  6 -dibromo-0 -phenylethyl)-benzothiazole  (I).  A  2.5  g  quantity  of  2-methyl-5-styrylbenzo- 
thiazole  [2]  was  dissolved  in  32  ml  of  carbon  tetrachloride.  The  solution  was  cooled,  and  1.6  g  bromine  in  12  ml 
carbon  tetrachloride  was  added  to  it.  The  mixture  was  held  in  ice  2  hr;  the  precipitate  was  filtered  off,  washed  with 
4  ml  methanol,  and  dried.  Yield  2.44  g  (59^o),  m.p.  167*.  The  dlbromide  was  crystallized  from  isobutanol.  Yield 
1.6  g  (4(fIo),  Lustrous  colorless  needles,  m.p.  168-169*. 

Found‘d:  Br  38.72,  38.59.  Ci6HoNSBr2.  Calculated Br  38.95. 

Both  in  the  first  synthesis  and  in  the  second,  after  removing  the  carbon  tetrachloride,  there  was  obtained  a  vis¬ 
cous,  noncrystalline  mass  of  a  dirty  green  color  (probably  perbromides),  which  was  not  investigated  in  detail. 

2 -Methyl-6 -(g,  B -dibromo-B-phenylethyl)-quinoline  (III).  A  2.45  g  quantity  of  2-methyl-6-‘styrylquinoline 
[7]  was  dissolved  in  120  ml  carbon  tetrachlaide*  with  heating.  The  solution  was  cooled,  and  at  35-40*  there  was 

*  If  the  reaction  is  conducted  in  chloroform,  a  dibromide  with  a  lower  melting  point  is  obtained. 
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added  1.6  g  bromine  in  10  ml  carbon  tetrachloride.  The  mixture  was  allowed  to  stand  until  the  following  day.  The 
carbon  tetrachloride  was  driven  off  completely  on  a  steam  bath,  and  the  residue  was  boiled  with  15  ml  alcohol;  after 
cooling,  the  precipitate  was  filtered  off  and  washed  with  alcohol.  Weight  2.6  g,  m.p.  135-138*.  The  dibromide  was 
crystallized  from  42  ml  isobutanol.  Yield  2.2  g  (54Fjo),  m.p.  140-142*.  A  0.5  g  quantity  of  the  dibromide  was  crystal¬ 
lized  twice  from  alcohol,  using  bone  black.  Weight  0.3  g.  Lustrous,  colorless  long  needles,  m.p.  141-143*. 

Found ‘7o:  Br  39.82,  39.91.  CigHuNBrj.  Calculated ‘7o:  Br  39.50. 

2 -Metltyl-5 -phenylacetylenylbenzothiazole  (IV).  A  6.15  g  quantity  of  the  dibromide  (1)  was  added  over  20- 
25  min  to  a  boiling  alcoholic  KOH  solution  (4.2  g  in  60  ml  alcohol).  Then  the  mixture  was  heated  3  hr  on  a  steam 
bath.  The  alcohol  was  driven  off,  and  the  mixture  was  transferred  to  a  beaker,  using  70  ml  of  wash  water;  after 
cooling,  the  alkali  was  taken  up  with  hydrochloric  acid  to  a  strictly  neutral  reaction.  The  base  was  extracted  twice 
with  benzene,  after  which  the  benzene  was  driven  off  on  a  steam  bath.  The  resulting  oil  crystallized.  This  product 
was  crystallized  from  alcohol,  using  bone  black.  Yield  2.4  g  (647o),  m.p.  122-123*.  After  a  second  crystallization 
from  alcohol,  obtained  large  tablets,  m.p.  130-131*.  Yield  1.8  g  (48^®).  Colorless  plates  with  a  pearly  luster,  m.p. 
130-131*  (from  alcohol -water  mixture). 

Found ‘7®;  5  12.95,  12.94.  CjgHuNS.  Calculated  ^7®:  5  12.81. 

2 -Methyl -6 -phenylacetylenylbenzothiazole  (V).  A  2.05  g  quantity  of  the  dibromide  (11)  was  introduced  into 
an  alcoholic  KOH  solution  (1.4  g  in  20  ml  alcohol).  The  mass  was  boiled  2  hr.  After  cooling,  the  precipitate  was 
filtered  off  and  washed  on  the  filter  with  anhydrous  alcohol.  The  alcohol  was  driven  off  completely,  70  ml  of  water 
was  added,  to  the  residue,  the  base  was  extracted  with  ether,  and  the  ether  was  driven  off,  leaving  an  oily  residue 
that  crystallized  on  standing.  The  base  forms  salts  readily,  and  is  very  readily  soluble  in  all  organic  solvents.  Yield 
0.55  g  (447®).  A  0.49  g  quantity  of  the  2-methyl-6-phenylacetylenylbenzotliiazole  was  dissolved  in  8  ml  methanol, 
and  0.45  g  picric  acid  in  10  ml  boiling  methanol  was  added  to  the  solution.  After  standing,  yellow  crystals  precipi¬ 
tated.  Lustrous,  yellow  plates,  m.p.  161-162*  (from  alcohol). 

Found  *7®;  N  11.60,  11.47.  C:22Hi407N45.  Calculated  <7®:  N  11.71. 

2-Methyl-6-phenylacetylenylquinoline  (VI).  A  3  g  quantity  of  2-methyl-6-(tt,  6-dibromo-8-phenylethyl)- 
quinoline  (111)  was  added  over  20  min  to  a  boiling  alcoholic  KOH  solution  (1,66  g  in  25  ml  alcohol),  and  the  mixture 
was  boiled  3  hr  on  a  steam  bath.  The  alcohol  was  driven  off,  and  the  residue  was  transferred  to  a  beaker  with  70  ml 
of  wash  water;  the  KOH  was  neutralized  with  dilute  hydrochloric  acid.  The  base  was  extracted  with  benzene,  and  the 
benzene  was  driven  off  on  a  steam  bath.  The  residue  was  an  oil,  which  crystallized.  Yield  1.5  g  (83^®). 

A  0.7  g  quantity  of  the  2-methyl-6-phenylacetylenylquinoline  was  dissolved  in  10  ml  alcohol,  and  a  solution 
of  0,65  g  picric  acid  in  5  ml  alcohol  was  added.  The  mixture  was  heated  to  boiling  and  allowed  to  stand  until  the 
following  day.  Then  the  picrate  was  filtered  off.  Yellow,  lustrous  tablets,  m.p.  182-183*  (from  alcohol). 

Found  <7®;  N  11.83,  11.64.  C22H16O7N4.  Calculated  "Z®:  N  11.87. 

To  a  suspension  of  0.6  g  of  the  picrate  in  20  ml  hot  water,  a  solution  of  0.36  g  sodium  acetate  in  2  ml  water 
was  added.  The  mixture  was  heated  with  shaking  for  several  minutes,  until  the  base  was  melted.  After  cooling,  the 
crystalline  precipitate  was  broken  up,  filtered  off,  and  dried.  Weight  0.2  g,  m.p.  97-98*.  The  base  was  dissolved  in 
chloroform  and  chromatographed  on  aluminum  oxide.  The  chloroform  eluate  was  evaporated  on  a  steam  bath.  Cb- 
tained  0.17  g  of  colorless  tablets,  m.p.  98-99*. 

Dyes 

3,3*  -Diethyl-5,5' -di(phenylacetylenyl)-thiacarbocyanine  ethylsulfate  (VII).  A  mixture  of  0.25  g  2-methyl- 

5 - phenylacetylenylbenzothiazole  (IV)  and  0.17  g  diethyl  sulfate  was  heated  in  a  paraffin  bath  at  140-150*  (bath 
temperature)  for  1.5  hr.  To  the  quaternary  salt  there  was  added  0.5  g  orthofcttmic  ester  and  2  ml  dry  pyridine,  and 
the  mixture  was  heated  35  min  in  the  paraffin  bath  at  125-130*.  On  the  following  day,  10  ml  ether  was  added  to 
the  residue,  and  the  precipitate  was  filtered  off,  washed  with  a  small  quantity  of  alcohol  and  then  with  water,  and 
then  crystallized  from  alcohol.  Yield  0.35  g  (5(77®).  Lustrous,  dark-green  tablets,  m.p.  309-310*. 

Found  *7®:  5  13.56,  13.45.  C39H34P4N2S3.  Calculated  *7®:  5  13.91. 

3,3*  -Diethyl-6,6'  -di(phenylacetylenyl)-thiacarbocyanine  ethylsulfate  (VIIl).  A  mixture  of  0.5  g  2-methyl- 

6 - phenylacetylenylbenzothiazole  (V)  and  0.31  g  diethyl  sulfate  was  heated  1.5  hr  at  140-145*.  To  the  quaternary 
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salt  there  was  added  0.8  g  orthoformic  ester  and  3  ml  anhydrous  pyridine,  and  the  mixture  was  boiled  20  min.  The 
dye  was  precipitated  with  water  and  dried.  Yield  0.3  g  (21*70).  Dark-green  crystals,  m.p.  262-263®  (from  alcohol). 

Found  *7):  S  13.89,  13.98.  C89Ha4P4NiS8.  Calculated*^:  S  13.91. 

1,1* -Diethyl-6,6* -di(phenylacetylenyl)-quinocarbocyanine  iodide  (IX).  A  mixture  of  0.48  g  of  2-methyl-6- 
phenylacetylenylquinoline  (VI)  and  0.5  g  ethyl  p-toluenesulfonate  was  heated  2.5  hr  at  145-150*.  To  the  quaternary 
salt  there  was  added  3  ml  pyridine  and  1  g  orthoformic  ester,  and  the  mixture  was  boiled  25  min,  after  which  it  was 
precipitated  with  ether.  The  resulting  viscous  mass  was  dissolved  in  methanol.  The  dye  was  precipitated  with  potas¬ 
sium  iodide,  filtered  off,  and  wa^ed  with  warm  water.  Yield  0.25  g  (36*7o).  Fine,  dark-colored  crystals,  m.p.  252- 
253*  (from  alcohol,  decomp.). 

Found  *7o;  N  4.11,  4.09.  C41H33N2I.  Calculated  *7o;  N  4.11. 

3-Ethyl-5-(3* -ethyl-5* -phenylacetyIenylbenzothiazolinylidene-2* -ethylidene)-thiazolidinethione-2-one-4  (X). 

A  mixture  of  0.25  g  of  2-methyl-5-phenylacetylenylbenzothiazole  (IV)  and  0.17  g  diethyl  sulfate  was  heated  1.5  hr 
at  140-145®.  To  the  quaternary  salt  there  was  added  0.3  g  of  3 -ethyl-5 -(acetanilidomethylene)-rhodanine,  and  the 
mixture  was  dissolved  in  6  ml  anhydrous  alcohol.  Triethylamine  (0.5  ml)  was  added  to  the  solution,  and  the  mixture 
was  boiled  15  min  on  a  steam  bath.  After  cooling,  the  precipitate  was  filtered  off,  washed  with  water  and  vdth 
methanol,  and  crystallized  from  benzene.  Yield  0.27  g  (65*70).  Lustrous,  red  tablets,  m.p.  242-243®  (decomp.). 

Found  "h:  S  21.40,  21.60.  C24H2oON2S3.  Calculated  *70:  S  21.42. 

3-Ethyl-5-(l*-ethyl-6*-phenylacetylenyldihydroquinolylidene-2*-ethylidene)-thiazolidinethione-2-one-4  (XII). 
A  mixture  of  0.48  g  2-methyl-6-phenylacetylenylquinoline  (VI)  and  0.5  g  ethyl  p-toluenesulfonate  was  heated  2.5  hr 
at  145-150®;  then  the  salt  was  dissolved  in  10  ml  anhydrous  alcohol.  To  the  solution  there  was  added  0.61  g  3-ethyl- 
5-(acetanilidomethylene)-rhodanine  and  0.7  ml  triethylamine,  and  the  mixture  was  boiled  20  min  on  a  steam  bath. 

the  following  day  the  precipitated  dye  was  filtered  off  and  washed  with  methanol.  Yield  0.2  g  (22*7°).  Green 
tablets,  m.p.  267®  (from  benzene,  decomp.). 

Found  *7o:  S  14.44,  14.34.  C26H22ON2S2.  Calculated  *7®:  S  14.47. 

3,3*  -Diethyl-5,5* -di(phenylacetylenyl)-9-methylthiacarbocyanine  iodide  (XIII).  A  mixture  of  0.25  g  2-methyl- 
5-phenylacetylenylbenzothiazole  (IV)  and  0.17  g  diethyl  sulfate  was  heated  1.5  hr  at  140-145®.  To  the  quaternary 
salt  there  was  added  0.5  g  orthoacetic  ester,  2  ml  anhydrous  pyridine,  and  4  drops  acetic  anhydride,  and  the  mixture 
was  boiled  45  min.  The  reaction  mass  was  poured  into  a  hot  aqueous  solution  of  potassium  iodide.  The  precipitate 
was  filtered  off,  washed  with  water,  dried,  and  crystallized  from  alcohol.  Yield  0.22  g  (31*7o).  Fine,  dark-green 
crystals,  m.p.  277-278®  (decomp.).  Maximum  absorption  560  mp. 

Found  *7o:  S  9.35,  9.53.  C38H31N2S2I.  Calculated  *7o:  S  9.06. 

3,3*,9-Triethyl-5,5*  -di(phenylacetylenyl)-thiacarbocyanine  iodide  (XFV).  A  mixture  of  0.25  g  of  the  base  and 
0.17  g  of  diethyl  sulfate  was  heated  1.5  hr  at  140-145®.  To  the  quaternary  salt  there  was  added  0.5  g  orthopropionic 
ester  and  2  ml  anhydrous  pyridine,  and  the  mixture  was  boiled  40  min.  Yield  0.2  g  (27*7o).  Fine,  black  crystals,  m.p. 
249-250®  (decomp.).  Absorption  maximum  563  m|i . 

Found  *70:  5  9.15,9.33.  C39H33N2S2I.  Calculated  *7®:  5  8.88. 

5UMMARY 

1.  By  addition  of  bromine  to  2-methyl-5-  or  2-methyl-6-styr)  Ibenzothiazole  and  to  6-styrylquinaldine,  the 
corresponding  dibromides  have  been  prepared.  By  the  action  of  alkali  on  the  dibromides,  there  have  been  prepared 
2 -methyl-5 -phenylacetylenylbenzothiazole,  2-methyl-6-phenylacetylenylbenzothiazole,  and  6-phenylacetylenyl- 
quinaldine. 

2.  Quaternary  salts  have  been  prepared  from  the  bases,  and  carbocyanlnes  and  merocyanines  from  the  quater¬ 
nary  salts. 

3.  It  has  been  established  that  carbocyanlnes  and  merocyanines  containing  phenylacetylenyl  radicals  on  the 
heterocyclic  rings  absorb  light  at  shorter  wave  lengths  than  do  the  corresponding  styryl -substituted  carbocyanlnes  and 
merocyanines. 
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INVESTIGATIONS  IN  THE  F.IELD  OF  THE  CHEMISTRY 
OF  CYANINE  DYES 

XVn.  SYNTHESIS  OF  ARYLBENZOTHIAZOLES  AND  PREPARATION 
OF  THEIR  THIACARBOCYA  NINES 

I.  K.  Ushenko 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  Ukr.SSR 
Translated  from  Zhurnal  Gbshchei  Khimii,  Vol.  31,  No.  9, 
pp.  2861-2869,  September,  1961 


Previously  we  had  shown  that  dlazo  compounds  of  the  benzothiazole  series,  when  in  nondissociating  solvents, 
decompose  with  the  formation  of  free  benzothiazolyl  radicals  [1-3].  The  latter,  reacting  with  liquid  aromatic  hy¬ 
drocarbons,  form  aryl -substituted  benzothiazoles.  It  is  indicated  in  the  literature  [4]  that  1 -ary  1-3 ,3 -dimethyl - 
triazenes  are  good  sources  of  free  aryl  radicals  and  can  be  utilized  for  the  synthesis  of  unsymmetrical  biaryls.  We 
had  reported  certain  dialkylbenzothiazolyltriazenes  previously  [3].  It  was  found  that  they  are  insoluble  in  water  but 
readily  soluble  in  benzene  and  other  organic  solvents.  Their  solutions  are  stable  to  alkalies,  but  are  decomposed 
readily  by  mineral  and  organic  acids,  fcsrming  diazonium  salts  and  dialky lamines.  On  passing  a  stream  of  dry  hy¬ 
drogen  chloride  through  benzene  solutions  of  benzothiazolyldimethyltriazenes,  phenylated  derivatives  of  benzo¬ 
thiazole  are  formed  readily.  The  dry  hydrogen  chloride  may  be  replaced  by  glacial  acetic  acid,  which  gives  a  some¬ 
what  higher  yield  of  phenylbenzothiazoles  and  a  considerable  simplification  in  the  method  of  preparing  arylbenzo- 
thlazoles. 

An  additional  advantage  of  this  method  of  arylating  benzothiazoles,  in  comparison  with  the  diazoacetate  meth¬ 
od  [1],  is  that  the  decomposition  of  the  benzothiazolyldimethyltriazenes  can  be  carried  out  not  only  in  a  medium  of 
liquid  aromatic  compounds,  but  also  in  melts  of  substances  that  are  solid  at  room  temperature  but  melt  at  90-100°, 

The  syntheses  of  certain  arylbenzothiazoles  and  of  cyanine  dyes  derived  from  them  are  set  forth  below.  By  the 
interaction  of  diazotized  2-methyl-6-aminobenzothiazole  with  nitrobenzene  in  the  presence  of  sodium  acetate,  a 
mixture  was  obtained  consisting  of  2-methyl-6-(p-nitrophenyl)-  and  apparently  2 -methyl-6 -(o-nitrophenyl)-benzo- 
thiazole  (compare  [5]),  which  was  purified  by  chromatography  on  aluminum  oxide.  The  yield  of  2-methyl-6-nitro- 
phenylbenzothlazole  with  m.p.  152-153°  was  23^/o.  From  the  mother  liquor  another  isomer  was  recovered  with  m.p. 
55-62°,  yield  16^0. 

For  establishing  the  structure  of  the  products  obtained,  we  made  us  of  a  method  described  in  the  literature  [6]. 
The  2-methylnitrophenylbenzothiazole  (m.p.  152-153°)  was  split  with  hydrazine  hydrate,  and  the  resulting  amino- 
thiophenol  was  oxidized  to  the  disulfide.  The  resulting  5,5’-bis(nltrophenyl)-2,2'-diaminodiphenyl  disulfide  was  sub¬ 
jected  to  oxidation,  as  a  result  of  which  p-nitrobenzoic  acid  was  obtained.  Hence  it  follows  that  the  isomer  with 
m.p.  152-153°  is  2-methyl-6-(p-nitrophenyl)-benzothiazole. 

Analogously,  from  2 -methyl-5 -aminobenzothiazole  and  nitrobenzene,  a  2 -methyl-5 -nitrophenylbenzothiazole 
was  obtained  with  m.p.  161-162°  (21*70),  and  a  2 -methyl -5 -nitrophenylbenzothiazole  with  m.p.  58-60°  (19^o).  As  a 
result  of  splitting  and  oxidation  of  the  161-162°  m.p.  isomer,  p-nitrobenzoic  acid  was  obtained.  Thus,  the  isomer 
with  m.p.  161-162°  is  2-methyl-5-(p-nitrophenyl)-benzothiazole.  The  synthesis  of  the  nitrophenylbenzothiazoles 
can  be  represented  by  the  following  scheme: 
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•  Dyes  were  prepared  by  N.  N.  Sveshnikov. 


The  resulting  nitrophenylbenzothiazoles  were  reduced  to  the  amines.  From  2-methyl-6-(p-aminophenyl)- 
benzothiazole,  by  the  Sandmeyer  reaction,  there  was  obtained  2-methyl-6-(p-hydroxyphenyl)-benzothiazole,  and 
then  2-methyl-6-(p-methoxyphenyl)-benzothiazole.  This  route  of  synthesis  proved  to  be  a  complex  method  for  the 
preparation  of  2-methyl-6-(p-methoxyphenyl)-benzothiazole:  therefore,  an  attempt  was  made  to  synthesize  this 
product  by  the  deccmposition  of  2-methylbenzothiazolyl-6-diazonium  acetate  in  anisole. 

It  was  found  that  the  anisole  adds  readily  to  the  diazonium  acetate,  forming  2-methyl-6-(p-anisylazo)-ben- 
zothiazole: 


_ 


— N=^N'— — 


S. 


I  ti  ^ 


C-CII., 


There  are  several  examples  shown  in  the  literature  in  which  the  interaction  of  aryldiazonium  acetates  with 
anisole  results  in  the  formation  of  methoxybiphenyls  [7]. 

When  utilizing  triazenes  of  the  benzothiazole  series  [3],  it  was  found  that  ti  e  triazenes  have  less  tendency 
toward  the  addition  reaction  than  do  the  diazonium  acetates.  On  heating  2-meth}  lbenzothiazolyl-6-dimethyltriazene 
with  anisole  in  the  presence  of  glacial  acetic  acid,  a  mixture  of  2-methyl-6-anisylbenzoihiazoles  was  obtained  In  the 
f(xm  of  a  colorless  thick  oil,  which  partially  crystallized  on  standing.  Probably  these  crystals  are  the  p-isomer,  2- 
methyl-6-p-anisylbenzothiazole.  Analogously,  from  2-methylbenzothiazolyl-6-dimethyltriazene  and  methyl  phenyl 
sulfide  (thianisole)  In  the  presence  of  glacial  acetic  acid,  a  mixture  of  2 -methyl-6 -methylmercaptophenylbenzo- 
thiazoles  was  obtained. 

The  2 -methylary Ibenzothiazoles  on  heating  with  ethyl  p-toluenesulfonate  were  converted  to  quaternary  salts, 
and  the  latter  to  thlacarbocyanines.  The  dyes  that  we  obtained  were  poorly  crystallized,  owing  to  their  high  molecular 


2667 


1. 


solved  in  15  ml  water  and  20  ml  concentrated  hydrochloric  acid.  The  solution  was  cooled  to  -5“  and  diazotized 
with  4.5  g  sodium  nitrite  in  7  ml  water.  Then  the  diazonium  chloride  was  added  over  15  min  to  a  chilled  mixture 
of  9.5  g  of  33‘yo  dimethylamine  solution  and  27  g  sodium  carbonate  in  250  ml  water.  After  1  hr  stirring,  a  thick  oil 
was  separated  from  the  aqueous  layer  and  extracted  with  chloroform,  the  chloroform  was  driven  off,  the  triazene  was 
dissolved  in  hot  petroleum  ether,  the  solution  was  separated  from  the  tar  and  filtered,  and  the  petroleum  ether  was 
driven  off.  Thick,  yellow  oil;  yield  9.5  g  (65*70).  The  triazene  could  not  be  vacuum  distilled,  since  it  decomposed. 

Found  *70:  n  22.85.  CUH14N4S.  Calculated  *7o:  N  23.93. 
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Benzothiazolyl-2-dimethyltriazene.  A  6  g  quantity  of  2-aminobenzothiazole  was  dissolved  in  30  ml  glacial 
acetic  acid  and  cooled  to  -2“.  A  3.2  g  quantity  of  sodium  nitrite  was  added  with  stirring  to  25  ml  concentrated  sul¬ 
furic  acid,  cooled  to  -2'.  Then  the  thick  mass  of  the  2-aminobenzothiazole  was  added  with  vigorous  stirring  to  the 
nitrosyl  sulfuric  acid.  The  diazo  solution  was  held  5  min  and  diluted  with  15  ml  cold  water.  Then  the  diazonium 
chloride  was  added  over  20  min  to  a  chilled  mixture  consisting  of  54  g  sodium  carbonate,  520  ml  water,  and  6.7  g 
of  a  33^0  dimethylamine  solution.  It  was  necessary  to  carry  out  the  reaction  in  a  2  liter  wide  beaker.  After  standing 
1  hr,  the  precipitate  was  filtered  off,  washed  with  water,  dried,  dissolved  in  boiling  chloroform,  and  filtered,  and  the 
chloroform  was  driven  off  completely.  Yield  4.5  g  (65*70).  Fine  orange  crystals,  m.p.  176-177“  (from  ligroin;  decomp.). 

Found  *7o:  N  26.33,  26.28.  C,HioN4S.  Calculated  °Jo-.  N  27.18. 

2-Methyl-6-(p-nitrophenyl)-benzothiazole.  A  19.7  g  quantity  of  2-methyl-6-aminobenzothiazole  was  dis¬ 
solved  in  40  ml  concentrated  hydrochloric  acid  and  30  ml  water.  The  solution  was  cooled  to  -4’  and  diazotized 
with  8.8  g  sodium  nitrite  in  15  ml  water.  The  diazonium  chloride,  after  5  min  standing,  was  poured  into  400  ml 
nitrobenzene,  cooled  to  +7“.  The  mixture  was  stirred  vigorously,  and  a  solution  of  54  g  crystalline  sodium  acetate 
in  150  ml  water  was  added  to  it  over  40  min.  Then  the  mixture  was  stirred  3  hr  at  6-7“  and  28  hr  at  24“.  The  nitro¬ 
benzene  was  removed  by  steam  distillation;  the  residue  after  hardening  was  crushed,  washed  with  water,  dried,  and 
dissolved  in  chloroform,  and  the  solution  was  filtered  through  aluminum  oxide  (length  of  tube  20  cm,  diameter  4.5 
cm).  The  eluate  was  concentrated  and  chromatographed  four  times  on  aluminum  oxide  for  the  removal  of  colored 
products.  The  elution  was  performed  with  benzene.  Yield  12.8  g  (40f7o).  Light  yellow  crystals,  m.p.  70~96“.  Then 
the  mixture  of  isomers  was  subjected  to  crystallization  from  methanol  until  a  constant  melting  point  was  reached. 

Yield  of  2-methyl-6-nitrobenzothiazole  with  m.p.  152-153“,  7.5  g  (23*70).  Light  yellow  needles. 

Found  *70:  N  10.33,  10.12.  Ci4Hio02N2S.  Calculated  *7°:  N  10.37. 

Establishing  the  structure  of  the  2-methyl-6-nitrophenylbenzothiazole  with  m.p.  152-153“.  A  2.7  g  quantity 
of  the  2-methyl-6-nitrophenylbenzothiazole  was  dissolved  in  100  ml  alcohol,  and  40  ml  of  hydrazine  hydrate  was 
added  to  the  solution.  The  mixture  was  boiled  4  hr,  the  alcohol  was  driven  off,  the  residue  was  diluted  with  100  ml 
water,  and  150  ml  of  a  2*7o  hydrogen  peroxide  solution  was  added  with  cooling.  The  mixture  stood  until  the  fol¬ 
lowing  day;  then  35-40  ml  of  aqueous  saturated  potassium  chloride  solution  was  added,  and  the  yellow-orange  pre¬ 
cipitate  was  filtered  off,  washed  with  water,  and  dried.  Yield  of  5,5'-bis(nitrophenyl)-2,2'-diaminodiphenyl  disulfide 
2.1  g  (42*7o).  Reddish -orange  tablets,  m.p.  180-181“  (from  butyl  alcohol). 

Found  *70;  N  11.38,  11.49.  C24ni804N4S2.  Calculated  *7o:  N  11.43. 

A  0.68  g  quantity  of  this  disulfide  was  dissolved  in  30  ml  glacial  acetic  acid,  into  which  3.2  g  of  chromium  an¬ 
hydride  was  introduced.  The  mixture  was  boiled  11  hr  and  then  diluted  with  100  ml  water;  the  solution  was  evaporated 
to  dryness  on  a  steam  bath,  the  residue  was  treated  with  40  ml  hot  10®7o  sodium  hydroxide  solution,  and  the  green- 
colored  precipitate  (chromic  oxide)  was  filtered  off  and  washed  with  10  ml  boiling  water.  The  alkaline  solution  was 
neutralized  (with  cooling)  with  hydrochloric  acid.  Precipitate,  light  green  color  (0.2  g),  m.p.  237-238“  (from  water). 

A  mixed  sample  with  p-nitrobenzoic  acid  did  not  show  any  melting  point  depression.  Thus,  the  base  with  m.p.  152- 
153“  is  2 -methyl-6 -(p-nitrophenyl)-benzothiazole. 

2-Methyl-6-(p-acetylaminophenyl)-benzothiazole.  A  6.7  g  quantity  of  2-methyl-6-(p-nitrophenyl)-benzo- 
tliiazole  was  dissolved  in  110  ml  methanol,  and  to  the  solution  there  was  added  37  g  stannous  chloride  dissolved  in 
50  ml  concentrated  hydrochloric  acid.  The  mixture  was  heated  2.5  hr  on  a  steam  bath,  the  alcohol  was  driven  off, 
and  50  ml  water  was  added  to  the  residue,  plus  sufficient  40^o  sodium  hydroxide  solution  to  dissolve  the  tin  salts 
completely.  The  precipitated  amine  was  filtered  off,  dissolved  in  methanol,  and  filtered;  the  alcohol  was  driven 
off  on  a  steam  bath,  the  amine  was  dissolved  in  40  ml  benzene,  7  g  acetic  anhydride  was  added  to  the  solution,  and 
the  mixture  was  boiled  2  hr  on  the  steam  bath.  The  benzene  was  partially  driven  off,  and  the  product  that  precipitated 
on  cooling  was  filtered  off.  Yield  5.6  g  (8Cf7o).  After  crystallization  from  benzene,  obtained  colorless  tablets  with 
m.p.  185-186“. 

2 -Methyl-5 -(p-nitrophenyl)-benzothiazole.  A  19.7  g  quantity  of  2-methyl-5-aminobenzothiazole  was  dis¬ 
solved  in  40  ml  concentrated  hydrochloric  acid  and  40  ml  water.  The  solution  was  cooled  to  -5“  and  diazotized  as 
indicated  above.  The  recovery  and  purification  of  the  2-methyl-5-nitrophenylbenzenethiazoles  was  carried  out 
analogously  to  that  described  above.  Yield  14.1  g  (44^o),  Light  yellow  crystals,  m.p.  75-94“.  The  mixture  of  isomers 
was  subjected  to  crystallization  from  methanol  until  the  melting  point  remained  constant.  Yield  of  2-methyl-5- 
nitrophenylbenzothiazole  with  m.p.  161-162“,  7  g  (21*7o). 
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Found N  10.29,  10.15.  C14H10O2N2S.  Calculated*^:  N  10.37. 

From  the  mother  liquor,  after  removing  the  alcohol,  there  was  obtained  6.3  g  (19^)  of  a  mixture  of  2-methyl- 

5- nitrophenylbenzothiazoles  with  m.p.  58-69*. 

Establishing  the  structure  of  the  2-methyl-5-nitrophenylbenzothiazole  with  m.p.  161-162*.  A  0.81  g  quantity 
of  the  2 -methyl-5 -nitrophenylbenzothiazole  was  dissolved  in  50  ml  alcohol,  and  15  ml  hydrazine  hydrate  was  added 
to  the  solution.  Fiuther  treatment  of  the  reaction  mixture  was  carried  out  the  same  as  that  indicated  for  the  2-metfiyl- 

6- nitrobenzothiazole.  Yield  of  4,4'-bls(nitrophenyl)-2,2’-diaminodiphenyl  disulfide  0.7  g.  Yellow-orange  tablets, 
m.p.  188-189*  (from  butyl  alcohol). 

Found  N  11.24,  11.14.  C24Hu04N^.  Calculated  N  11.43. 

A  0.49  g  quantity  of  this  disulfide  was  dissolved  in  18  ml  glacial  acetic  acid,  and  2.5  g  chromic  anhydride  was 
introduced  into  the  solution.  The  mixture  was  boiled  7  hr.  As  a  result  of  the  oxidation,  p-nitrobenzoic  acid  was  ob¬ 
tained.  Thus,  the  product  with  m.p.  161-162*  is  2-methyl-5-(p-nitrophenyl)-benzothiazole. 

2-Methyl-5-(p-acetylaminophenyl)-benzothiazole.  A  2.7  g  quantity  of  2-methyl-5-(p-nitrophenyl)-benzo- 
thlazole  was  dissolved  in  60  ml  methanol,  and  14  g  stannous  chloride  in  20  ml  concentrated  hydrochloric  acid  was 
added  to  the  solution.  The  amine  that  was  obtained  was  dissolved  in  30  ml  benzene,  3  g  acetic  anhydride  was  added 
to  the  solution,  and  the  mixture  was  boiled  3  hr.  After  driving  off  the  benzene,  the  product  was  poured  into  hot  water, 
and  the  precipitate  was  filtered  off.  Yield  2.3  g  (8(ffo),  Large  colorless  tablets,  m.p.  171-172*  (from  50^  methanol). 

Preparation  of  2-methyl-6-(p-anisyl)-benzothiazole  by  decomposition  of  2-methylbenzothiazolyl-6-dimethyl- 
triazene  in  anisole.  An  11  g  quantity  of  2-methylbenzothiazolyl-6-dimethyltriazene  was  dissolved  in  300  ml  anisole, 
50  ml  glacial  acetic  acid  (b.p.  118*)  was  added  to  the  solution,  and  the  mixture  was  heated  15  hr  at  95-100*.  The 
anisole  was  removed  completely  by  steam  distillation,  the  water  was  separated  off  (after  cooling),  and  the  dark  brown 
residue  was  dissolved  in  chloroform  and  chromatographed  on  aluminum  oxide.  The  zone  formed  by  the  2 -methyl -6- 
anisylbenzothiazoles  showed  a  strong  blue  fluorescence  under  an  ultraviolet  lamp.  The  almost  colorless  zone  was 
eluted  with  chloroform.  Obtained  a  colorless  oil.  Yield  7.1  g  (56*70),  A  second  experiment  was  set  up  with  the  same 
quantities  of  reactants.  Yield  of  base  6.8  g.  The  products  obtained  in  the  first  and  second  experiments  were  com¬ 
bined.  After  standing  3  days,  the  oil  partially  crystallized.  Methanol  (0.5  ml)  was  added  to  the  mass,  and  the  crystals 
were  filtered  off  and  thoroughly  pressed.  Colorless  crystals;  yield  5.6  g  (22*7o),  m.p.  73-74°.  After  crystallization 
from  petroleum  ether,  the  base  melted  at  77-78*.  Weight  of  oil  7.4  g. 

The  picrate  of  the  2 -methyl-6 -(p-anisyl)-benzothiazole  was  obtained  by  dissolving  0.76  g  of  the  benzothiazole 
(m.p.  73-74°)  in  5  ml  methanol  and  adding  0.68  g  picric  acid  in  5  ml  hot  alcohol.  Yield  0.8  g.  Lemon -yellow  tab¬ 
lets,  m.p.  168-169*  (from  alcohol). 

Found  *7>:  N  11.71,  11.82,  C21HKO8N4S.  Calculated  *70:  N  11.57. 

Preparation  of  2-methyl-6-(p-methylmercaptophenyl)-benzothiazole  by  decomposition  of  2-methylbenzo- 
thiazolyl-6-dimethyltriazene  in  thioanisole.  An  11  g  quantity  of  2-methylbenzothiazolyl-6-dimethyltriazene  was 
dissolved  in  150  ml  methyl  phenyl  sulfide,  and  50  ml  glacial  acetic  acid  was  added  to  the  solution.  The  mixture 
was  heated  23  hr  at  95-100*.  The  recovery  and  purification  of  the  bases  was  carried  out  as  indicated  above.  Ben¬ 
zene  was  used  for  elution.  Obtained  a  thick,  colorless  oil.  Yield  5.6  g  (41*7o).  The  oil  partially  crystallized  after 
standing  4  days.  Methanol  (0.3  ml)  was  added  to  the  mass,  after  which  the  colorless  crystals  were  filtered  off. 

Yield  2.8  g  (2(fh),  m.p.  86-87*  (from  methanol). 

Found  *70:  N  5.14,  5.21.  C^HiaNSj.  Calculated  *7o:  N  5.16. 

Ethyl  p-toluenesulfonate  of  2-methyl-6-(p-nitrophenyl)-benzothiazole.  A  1,3  g  quantity  of  2 -methyl -6 -(p- 
nitrophenyl) -benzothiazole  and  2  g  ethyl  p-toluenesulfonate  were  heated  in  a  paraffin  bath  7  hr  at  155-160°  (bath 
temperature).  The  contents  of  the  flask  were  dissolved  in  hot  water,  the  aqueous  solution  was  extracted  with  ben¬ 
zene,  and  the  aqueous  layer  was  separated,  boiled  with  bone  black,  and  evaporated  on  a  steam  bath.  Then  the  salt 
was  heated  to  125-130*,  with  stirring.  Yield  2.1  g  (77*70). 

All  of  the  other  ethyl  p-toluenesulfonates  were  obtained  under  analogous  conditions.  The  yields  of  the  quater¬ 
nary  salts  reached  9(flo. 
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TABLE  2.  Thiacarbocyanines  with  Aromatic  Substituents  on  the  Benzothiazole  Ring 
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Melting  point  with  decomposition. 


General  method  of  synthesis  of  thlacaibocyanines.  For  preparing  the  thiacarbocyanines,  a  mixture  of  die  ethyl 
p-toluenesulfonate  of  the  appropriate  2-methyl-5-  or  6-arylbenzothiazole,  dry  pyridine,  and  cardio-ester  was  boiled 
for  a  determined  time.  In  some  cases  the  addition  of  acetic  anhydride  increased  the  yield  of  dye  considerably.  After 
the  heating  period,  the  reaction  mixture  was  poured  at  once  into  a  hot  aqueous  solution  of  potassium  chloride,  bromide, 
or  iodide,  or  of  sodium  perchlorate.  The  precipitated  dye  was  filtered  off,  washed  with  water,  dried,  and  subject  to 
chromatography  on  aluminum  oxide  or  crystallized  from  alcohol. 

The  conditions  of  synthesis  of  the  thiacarbocyanines  and  the  results  are  shown  in  Table  2.  The  following  con¬ 
ventional  symbols  are  adopted  in  the  table.  Ethyl  p-toluenesulfonates:  of  2-methyl-6-(p-nltrophenyl)-benzothlazole 
(A),  2-methyl-5-(p-nitrophenyl)-benzothlazole  (B),  2-methyl-6-(p-acetylamlnophenyl)-benzothiazole  (C),  2-methyl- 
5-(p-acetylaminophenyl)-benzothiazole  G5)i  2-methyl-6-(p-anisyl)-benzothlazole  (E),  2-methyl-6-(p-methylmer- 
captophenyl)-benzothiazole  (F),  and  2-methyl-6-(p-hydroxyphenyl)-benzothlazole  (G).  ftthoformic  ester  (I),  ortho- 
acetic  ester  (II).  and  orthopropionic  ester  (III). 

SUMMARY 

1.  It  has  been  established  that  2-methylnitrophenylbenzothiazoles  are  formed  on  the  interaction  of  benzo- 
thiazolyldiazonium  chlorides  with  nitrobenzene  in  die  presence  of  sodium  acetate.  By  means  of  fractional  crystal¬ 
lization  from  the  mixture  of  isomers  [o-  and  p-],  2-methyl-6-(p-nitrophenyl)-  and  2 -methyl-5 -(p-nitrophenyl)- 
benzothiazoles  have  been  isolated  and  their  structures  established. 

2.  By  the  interaction  of  2-methylbenzothiazolyl-6-dimethyltriazene  with  anisole  and  thloanisole,  there  have 
been  obtained  2-methyl-6-(p-anisyl)-benzothiazole  and,  apparently,  2-methyl-6-(p-methylmercaptophenyl)-benzo- 
thiazole. 

3.  The  synthesized  2 -methylary Ibenzothiazoles  form  quaternary  salts  readily  on  heating  with  ediyl  p-toluene- 
sulfonate.  From  the  quaternary  salts,  by  condensation  with  ortho-esters  of  carboxylic  acids,  thiacarbocyanines  have 
been  obtained,  containing  various  functional  groups  on  the  aryl  radicals. 

4.  It  has  been  established  that  the  introduction  of  functional  groups  at  the  para  position  of  the  phenyl  radical 
of  6,6’  -diphenylthiacarbocyanine  causes  almost  no  additional  deepening  of  color. 
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odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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We  had  shown  previously  that  various  arcmatic  and  heterocyclic  ketones  enter  into  condensation  with  quater¬ 
nary  salts  of  2-methylbenzothiazole,  forming  quaternary  salts  of  6 -substituted  2-propenylbenzothiazoles  [1-4],  The 
latter,  being  vinylene  homologs  of  2-methylbenzothiazole,  contain  an  active  methyl  group,  and  enter  Into  a  dif¬ 
ferent  type  of  condensation,  forming  9-substituted  thiacarbocyanines,  thiadicarbocyanines,  tetramethinemerocyanlnes, 
styryl  dyes,  and  tricarbocyanines  [3,  4]. 

Continuing  the  investigations  in  this  direction,  we  attempted  to  condense  the  following  ketones  with  quater¬ 
nary  salts  of  substituted  2-methylbenzothiazole:  p-methoxyacetophenone,  o-methoxyacetophenone,  o-nitroaceto- 
phenone,  m -nitroacetophenone,  and  y -acetylpyridine.  It  was  found  that  o-nitroacetophenone  and  m-nitroaceto- 
phenone  condense  poorly  with  die  ethyl  p-toluenesulfonate  of  2-methylbenzothiazole,  and  y -acetylpyridine  does 
not  condense  at  all.  The  quaternary  salts  of  6 -substituted  2 -propenylbenzothiazole  that  we  synthesized  were  reacted 
with  quaternary  salts  of  2-methylmercaptobenzothiazole,  thereby  obtaining  thiacarbocyanines  (I-XI). 
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(V)  R  =  H,  X  in|iL  594; 

IVl)  R  =  x  m|i  595 

(VII)  R  =:  C,H.OH  p.X  mil  595; 
(VIII)  R  C,H.O-P,x'inix  SiM; 
(IX)  R  =  C,H,OCHj-o.  X  iniiL  597; 
(X)  R  =  C,H,OH-o;  X  mpi  598; 
(XI)  R  =  C,H,0-o;  X  mu  597. 


From  these  data  it  is  evident  that  the  absorption  maxima  of  9-arylthiacarbocyanines  differ  little  from  that  of 
the  unsubstituted  thiacarbocyanine.  It  is  peculiar  that  adding  alkali  solution  to  alcoholic  solutions  of  9-hydroxy- 
phenyldibenzothiacarbocyanines  gives  no  change  whatever  in  the  absorption  maxima.  It  had  been  shown  previously 
[4,  5]  that  a  phenyl  group  or  various  aromatic  radicals  occurring  at  the  meso-position  of  a  thiacarbocyanine  do  not 
exert  any  material  influence  on  the  absorption  maximum  of  the  dye.  Probably  a  phenyl  group  occurring  at  the  9- 
position  of  a  thiacarbocyanine  experiences  steric  hindrance,  as  a  result  of  which  it  leaves  the  plane  of  the  benzo- 
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thiazole  rings  and  cease  to  influence  the  light  absorption.  To  eliminate  this  type  of  phenomenon,  we  decided  to 
obtain  thlacarbocyanines  for  which  the  phenyl  group  would  be  fixed  in  the  plane  of  the  benzothiazole  rings  by  means 
of  methylene  groups.  For  this  purpose,  indanone-1  and  a-tetralone  were  brought  into  condesnation  with  quaternary 
salts  of  2-methylbenzoMazole.  On  heating  indanone-1  with  the  ethyl  p-toluenesulfonate  of  2-methyIbenzothiazole 
in  the  presence  of  acetic  anhydride,  and  also  with  the  addition  of  anhydrous  potassium  or  sodium  acetate,  the  corre¬ 
sponding  propenyl  derivatives  were  not  obtained. 

We  encountered  great  difficulties  during  the  separation  of  the  reaction  mixture  obtained  on  condensation  of 
die  ethyl  p-toluenesulfonate  of  2-methylbenzothiazole  with  ot -tetralone.  Based  on  the  results  of  several  experi¬ 
ments,  conditions  were  chosen  for  recovering  and  purifying  the  reaction  product,  after  which  the  ediiodide  (A)  was 
obtained  with  15^  yield. 

The  quaternary  salt  (A)  was  brought  into  condensation  vdth  die  ediiodide  of  2-methylmercaptobenzothiazole, 
as  a  result  of  which  the  dye  (XII)  was  obtained,  vdth  616  m|i. 
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Thus,  fixing  the  phenyl  in  the  plane  of  the  benzothiazole  rings  by  means  of  methylene  groups  gives  rise  to  a 
bathochromic  effect  equal  to  57  mp.  On  condensing  the  quaternary  salt  (A)  vdth  the  ediiodide  of  2-acetanilidovinyl 
benzothiazole  and  with  3 -ethyl-2 -formylmethylenebenzothiazoline,  the  ccwresponding  thiadicarbocyanine  was  not 
obtained. 


We  also  condensed  the  quaternary  salts  of  2-methylbenzothiazole  with  other  cyclic  ketones.  However,  it 
proved  that  allcyclic  ketones,  in  contrast  to  aromatic  and  heterocyclic  ketones,  are  considerably  pocxer  in  con¬ 
densation  cyclopentanone  and  cyclohexanone  with  the  ethyl  p-toluenesulfonate  of  2-methylbenzothiazole,  there 
were  obtained  the  ethyl  p-toluenesulfonates  of  2-cyclopentylidenemethyl-  and  2-cyclohexylidenemethyIbenzo- 
thiazole. 
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These  quaternary  salts  were  condensed  with  the  ediiodide  of  2-methylmercaptobenzothiazole,  obtaining  8,9- 
trlmethylene-  and  8,9-tetramethylenediiacarbocyanines  with  (XIII)  n  =  3,570;  (XIV)  n  =  4,571  (in  mp). 


C2H5  X-  C0H5 

(Xiii)and  (XIV) 
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Ring  closure  at  the  8,9  position  of  the  polymethine  c'hloroforni  •probably creates  considerable steric  hindrance, 
as  a  result  of  which  the  dyes  we  synthesized  have  low  stability  and  are  readily  decolorized  by  bases.  The  figure  shows 
absorption  curves  for  8,9-tetramethylenethiacarbocyanine  (XIV),  8,10-dimethylthiacarbocyanine  (II)  [6],  for  which 

there  is  considerable  steric  hindrance,  and  3,3*-diethylthiacarbocyanine 
(III).  From  the  figure  it  is  evident  that  the  steric  hindrance  is  reflected 
not  only  in  the  position  of  the  absorption  maximum,  but  also  in  the 
form  of  the  absorption  curve.  The  quaternary  salts  (B)  and  (C)  do  not 
enter  into  condensation  with  the  ethiodide  of  2-0 -acetanilidovinyl- 
benzothiazole  nor  with  3 -ethyl-2 -formylmethylenebenzothiazoline. 


EXPERIMENTAL 

Indanone-1  [7],  a-tetralone  [8],  cyclopentanone  [9],  m-nitro- 
acetophenone  [10],  o-nitroacetophenone  [11],  and  y  -acetylpyridine 
[12]  were  prepared  by  methods  described  in  the  literature. 


Ethyl  p-toluenesulfonate  of  2-6-(m-n^trophenyl)-propenylbenzo- 
thiazole.  A  mixture  of  6.9  g  of  the  ethyl  p-toluenesulfonate  of  2- 
methylbenzothiazole,  8.2  g  of  m-nitroacetophenone,  and  12  ml  acetic  anhydride  was  heated  12  hr  at  155-160°, •• 
After  cooling,  120  ml  ether  was  added  to  the  mass,  and  the  mixture  was  shaken  vigorously.  After  3  hr  the  ether  so¬ 
lution  was  decanted  off.  The  dark  viscous  mass  was  again  treated  with  100  ml  ether  and  then  dissolved  in  methanol, 
after  which  the  solution  was  diluted  with  water  up  to  the  appearance  of  turbidity,  boiled  with  bone  black,  filtered, 
and  allowed  to  stand  until  the  following  day.  The  black  precipitate  was  filtered  off,  and  the  solution  was  evaporated 
on  a  steam  bath.  A  black  viscous  mass  was  obtained,  which  was  brought  into  condensation  without  further  treatment. 
Weight  9  g.  We  were  not  able  to  separate  the  propenyl  derivative  completely  from  the  ethiodide  of  2-methylbenzo- 
thiazole  by  the  action  of  potassium  iodide. 


Ethyl  p-toluenesulfonate  of  2-0-(o-nitrophenyl)-propenylbenzothiazole.  A  mixture  of  10.4  g  of  the  ethyl  p- 
toluenesulfonate  of  2-methylbenzothiazole,  20.6  g  of  o-nitroacetophenone,  and  10  ml  acetic  anhydride  was  heated 
16  hr  at  150-155°.  The  treatment  and  purification  of  the  reaction  mass  was  as  indicated  above.  Weight  of  the 
propenyl  derivative  12  g  (contaminated  with  the  ethyl  tosylate  of  2-methylbenzothiazole). 

Ethyl  p-toluenesulfonate  of  2-0-(p-methoxyphenyl)-propenyl-6,7-benzobenzothiazole.  A  mixture  of  19.7  g 
of  the  ethyl  p-toluenesulfonate  of  2 -methyl-6,7 -bcnzobenzothiazole,  20  g  of  p-methoxyacetophenone,  and  12  ml 
acetic  anhydride  was  heated  in  a  paraffin  bath  15  hr  at  165-170°.  After  the  heating  period,  the  mass  was  poured  into 
500  ml  water  and  extracted  twice  with  150  ml  portions  of  ether.  The  aqueous  layer  was  separated  off  and  allowed  to 
stand  1.5  hr.  The  precipitated  ethyl  p-toluenesulfonate  of  2-0-(p-methoxyphenyl)-propenyl-6,7-benzobenzothiazole 
was  filtered  off  and  dried.  Yield  1.6  g  (6^0),  m.p.  179°  (decomp.).  The  aqueous  solution  was  heated  to  40°,  and  10  g 
potassium  iodide  in  15  ml  hot  water  was  added.  After  standing  5  hr,  the  precipitate  was  filtered  off  and  dried.  Yield 
5.8  g  (23.8^0).  M.p.  200-201°  (decomp.).  Total  yield  of  quaternary  salts  29.8^o. 


Ethyl  p-toluenesulfonate  of  2-0-(o-methoxyphenyl)-propenyl-6,7-benzobenzothiazole.  A  mixture  of  5.9  g  of 
the  ethyl  p-toluenesulfonate  of  2 -methyl-6,7 -benzobenzothiazole,  7.5  g  of  o-methoxyacetophenone,  and  5  ml  acetic 
anhydride  was  heated  10  hr  at  155-165°,  and  4  hr  at  175-180°.  The  reaction  mixture  was  treated  first  with  250  ml  of 
ether,  and  then  with  150  ml.  The  black,  noncrystalline  mass  was  extracted  repeatedly  with  boiling  water  (total  vol¬ 
ume  of  water  about  500  ml).  The  aqueous  solution  was  boiled  with  bone  black,  filtered,  and  evaporated  on  a  steam 
bath.  For  removing  the  initial  quaternary  salt,  the  viscous  mass  was  washed  three  times  with  hot  water.  Each  time 
after  stirring  with  hot  water,  the  mixture  was  allowed  to  stand  for  cooling.  After  the  third  wash,  the  residue  in  the 
dish  crystallized.  It  was  filtered  off  and  dried.  Yield  3.6  g  (13.5‘7o),  m.p.  78°. 

Ethyl  p-toluenesulfonate  of  2-0-(p-methoxyphenyl)-propenylbenzothiazole.  A  mixture  of  17.2  g  of  the  ethyl 
p-toluenesulfonate  of  2-methylbenzothiazole,  15  g  of  p-methoxyacetophenone,  and  15  ml  acetic  anhydride  was  boiled 
6  hr.  After  preliminary  purification  (see  above),  the  orange  semicrystalline  mass  was  mixed  with  ether,  benzene,  and 
then  again  with  ether,  for  removal  of  the  p-methoxyacetophenone.  The  addition  of  30-35  ml  water  to  the  viscous 
mass  gave  lustrous  orange  tablets,  which  were  filtered  off  and  washed  with  2-3  ml  water.  After  adding  potassium 

•As  in  original.  Possibly  should  be  chromophore. 

••  Temperature  of  paraffin  bath. 
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needed  the  quaternary  salt  of  2-6-arilidovinyl-5-methoxybenzothiazole.  It  was  found  that  during  the  condensation 
of  the  ethyl  p-toluenesulfonate  of  2 -methyl-5 -methoxybenzothiazole  with  diphenylformamidine  in  acetic  anhydride, 
the  sole  product  formed  is  the  ethyl  p-toluenesulfonate  of  2-6-anilidovinyl-5-methoxybenzothiazole,  as  was  proven 
by  synthesis  of  the  indicated  intermediate  product  from  the  ethyl  p-toluenesulfonate  of  2-methyl-5-methoxybenzo- 
thiazole  and  ethylisofcxmanilide,  and  also  by  analytical  data. 

a)  A  mixture  of  3.79  g  of  the  ethyl  p-toluenesulfonate  of  2 -methyl-5 -methoxybenzothiazole,  1.96  g  of  di¬ 
phenylformamidine,  and  7  ml  acetic  anhydride  was  boiled  on  a  screen  for  10  min.  To  the  precipitate  there  was 
added  30  ml  anhydrous  acetone,  and  the  crystals  were  filtered  off,  washed  with  acetone,  methanol,  and  ether,  and 
then  dried.  Yield  2.2  g  (42?7o),  m.p.  261-262“.  After  crystallization  from  alcohol,  fine  yellow  needles  were  ob- 
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tained,  in.p.  273-274”  (decomp.).  For  the  subsequent  confiensation,  there  was  no  necessity  for  crystallizing  the 
product. 

Found  <yo:  8  13.46,13.40.  C25H26O4N2S2.  Calculated  *70 :  8  13.27. 

b)  A  mixture  of  1.89  g  of  the  ethyl  p-toluenesulfonate  of  2-methyl-5-methoxybenzothiazole  and  0.81  g  of 
ethylisoformanilide  [13]  was  heated  with  stirring  up  to  155”  for  5  min,  and  at  135-140”  (paraffin  bath  temperature)  for 
1  hr.  Tlien  the  precipitate  was  mixed  thoroughly  with  acetone,  filtered  off,  and  washed  on  the  filter  with  acetone  and 
then  with  niethanol  to  remove  the  thiacarbocyanine.  Finally,  the  product  was  crystallized  from  alcohol.  Yield  1,2  g 
(50^0).  Yellow  needles,  m.p.  273-274”  (decomp.).  A  mixed  sample  with  the  product  obtained  by  method  "a"  did  not 
give  any  melting  point  depression. 

Found  ^70:  8  13.34,13.53.  C:25H2604N252.  Calculated  S  13.27. 

Dyes 

3,3*-Diethyl-9-(o-nitrophenyl)-thiacarbocyanine  iodide  (III).  A  mixture  of  4.9  g  of  die  ethyl  p-toluenesulfonate 
of  2-6-(o-nitrophenyl)-propenylbenzothiazole  and  3.3  g  of  the  ethiodide  of  2 -methylmercaptobenzothiazole  was  dis¬ 
solved  in  35  ml  of  anhydrous  alcohol.  Triethylamine  (1.5  ml)  was  added  to  the  solution,  and  the  mixture  was  boiled 
35  min,  and  then  allowed  to  stand  until  the  following  day.  The  precipitated  monomethinecyanine  was  filtered  off 
and  washed  on  the  filter  with  alcohol,  and  the  thiacarbocyanine  was  precipitated  with  water.  The  viscous  mass  was 
separated  from  the  aqueous  layer,  dried  in  air,  dissolved  in  chloroform,  and  subjected  to  chromatography  on  alumi¬ 
num  oxide.  A  violet  colored  zone  was  separated,  which  on  the  aluminum  oxide  was  partially  decolorized.  The 
violet  colored  zone  was  removed  from  the  column  and  treated  with  alcohol,  the  solution  was  filtered,  the  alcohol 
was  driven  off,  and  the  residue  was  crystallized  from  alcohol.  Fine  black  crystals,  m.p.  243-244”  (decomp.  Yield 
0.14  g  (2.?7o). 

3,3*-Diethyl-9-(m-nitrophenyl)-thiacarbocyanine  iodide  (IV).  An  8  g  quantity  of  the  ethyl  p-toluenesulfonate 
of  2-0-(m-nitrophenyl)-propenylbenzothiazole  and  6.1  g  of  the  ethyl  p-toluenesulfonate  of  2 -methylmercaptobenzo¬ 
thiazole  were  dissolved  in  50  ml  of  anhydrous  alcohol.  Triethylamine  (2  ml)  was  added  to  the  hot  solution,  and  the 
mixture  was  boiled  30  min.  The  dye  was  precipitated  with  water;  the  precipitate  was  filtered  off,  washed  with  water, 
dried,  dissolved  in  chloroform,  and  chromatographed  on  aluminum  oxide.  The  chloroform  was  driven  off  completely 
from  the  eluate,  the  residue  was  dissolved  in  boiling  alcohol,  and  the  dye  was  precipitated  by  the  action  of  an  aqueous 
potassium  iodide  solution.  After  crystallizing  from  alcohol,  yield  1.3  g  (13?o).  Black  crystals,  m.p.  262-263”  (de- 
comp.). 

3,3*-Diethyl-9-(p-methoxyphenyl)-6,7,6*,7*-dibenzothiacarbocyanine  bromide  (VI).  To  a  solution  of  0.44  g 
of  the  ethyl  p-toluenesulfonatc  of  2-methylmercapto-6,7-benzobenzothiazole  and  0.53  g  of  the  ethyl  p-toluene¬ 
sulfonate  of  2-0-(p-methoxyphenyl)-propenyl-6,7-benzobenzothiazole  in  5  ml  anhydrous  alcohol,  0.5  ml  of  tri¬ 
ethylamine  was  added,  and  the  mixture  was  boiled  35  min  on  a  steam  bath.  The  dye  was  precipitated  by  potassium 
bromide  and  crystallized  from  alcohol.  Yield  0.45  g  (6if7o).  Large  lustrous  green  tablets,  m.p.  265”. 

Found  I0:  Br  12.43,  12.44.  CagHajONzSzBr.  Calculated  Br  12.28. 

3,3'  -Diethyl-9-(o-methoxyphenyl)-6,7,6*7*  -dibenzothiacarbocyanine  bromide  (DC).  A  mixture  of  1.7  g  of  the 
ethyl  p-toluenesulfonate  of  2-0-(o-methoxyphenyl)-propenyl-6,7-benzobenzothiazole  and  1.4  g  of  the  ethyl  p- 
toluenesulfonate  of  2-methylmercapto-6,7-benzobenzothiazole  was  dissolved  in  10  ml  anhydrous  alcohol.  Triethyl¬ 
amine  (0.5  ml)  was  added  to  the  solution,  and  the  mixture  was  boiled  40  min  on  a  steam  bath.  Yield  1.27  g  (57^o). 
Lustrous  green  crystals,  m.p.  274”. 

Found  *70:  Br  12.35.  C36H3iON2S2Br.  Calculated  *70:  Br  12.28. 

3,3* -Diethyl-9-(p-hydroxyphenyl)-6,7,6',7'  -dibenzothiacarbocyanine  bromide  (VII).  A  mixttire  of  0.2  g  of  the 
dye  (VI)  and  2  ml  hydrobromic  acid  (d.  1.76,  6ff7o)  was  heated  7  hr  at  150-155”  in  a  sealed  tube.  The  tube  was  open¬ 
ed,  the  contents  were  added  to  70  ml  water,  and  the  precipitate  was  filtered  off,  washed  with  water,  dried,  and  crystal¬ 
lized  from  alcohol.  Yield  0.14  g  (73^o).  Green  crystals,  m.p.  308”  (decomp.). 

Found  °Io:  8  10.10,  10.21.  C35H290N2S2Br.  Calculated  “/o;  S  10.00. 

3,3*  -Diethyl -9 -(o-hydroxyphenyl  )-6,7,6*,7*  -dibenzothiacarbocyanine  bromide  (X).  A  mixture  of  0.15  g  of  the 
dye  (DC)  and  1.5  ml  hydrobromic  acid  (d.  1.76,  66^0)  was  heated  7  hr  at  150-155”  in  a  sealed  tube.  Yield  0.08  g 
(57^0).  Black  crystals,  m.p.  277”. 
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Found  S  10.46,  10.47.  CjsHjsONjSjBr.  Calculated  S  10.00. 

3,3'-Plethyl-9-phenyl-8-o-dlmethylenethiacarbocyanine  perchlorate  (XU).  A  mixture  of  0.86  g  of  the  ethiodide 
of  2-(tetrallnylidene-a-methyl)-benzothIazole,  0.66  g  of  the  ethiodide  of  2 -methylmercaptobenzothiazole,  1  g  an¬ 
hydrous  sodium  acetate,  and  10  ml  anhydrous  alcohol  was  boiled  45  min  on  a  steam  bath.  The  reaction  mixture  was 
poured  into  a  hot  aqueous  solution  of  potassium  iodide.  On  the  following  day  the  water  was  separated  from  the  dark 
viscous  mass,  and  die  latter  was  washed  twice  with  water  and  dried  in  air,  then  dissolved  in  chloroform  and  subjected 
to  chromatography  on  aluminum  oxide.  Elution  with  chloroform  was  ctxitinued  up  to  the  time  when  the  blue  zone 
started  to  come  off;  this  zone  was  removed  mechanically  from  the  column,  and  the  dye  was  removed  from  the  ad¬ 
sorbent  with  methanol.  After  filtraCLcm,  the  methanol  was  driven  off  completely,  the  residue  was  dissolved  in  a 
minimum  quantity  of  methanol,  and  to  die  hot  solution  there  was  added  0.5  g  sodium  perchlorate  in  5  ml  hot  water, 
after  which  the  solution  was  allowed  to  stand  for  crystallization.  On  the  following  day  the  precipitate  of  the  dye  was 
filtered  off,  wadied  with  warm  water  and  with  ether,  and  dried.  Yield  0,14  g  (10^).  Black  crystals,  m.p.  176-177’ 
(decomp  ). 

Found‘d:  S  11.21,  11.30.  Ci9H2704N2S2Cl.  Calculated*^:  S  11.29. 

3,3* -Diethyl-8, 9-trimediylenethiacarbocyanine  perchlorate  (XIII).  A  mixture  of  2.07  g  of  the  ethyl  p-toluene- 
sulfonate  of  2-cyclopentylIdenemethylbenzothiazole,  1.68  g  of  die  ethiodide  of  2 -methylmercaptobenzothiazole,  2  g 
sodium  acetate,  and  25  ml  anhydrous  alcohol  was  boiled  25  min.  The  sodium  acetate  was  filtered  off  and  washed 
with  methanol,  and  the  dye  was  precipitated  with  sodium  perchlorate.  The  viscous  mass  was  stirred  with  2  ml  acetone, 
and  the  precipitate  was  filtered  off  and  crystallized  twice  from  alcohol.  Yield  0.4  g  (18*70).  Fine  dark-green  crystals, 
m.p.  218*  (decomp). 

Found  *7o:  Cl  7.25,  7.35.  C24H25O4N2S2CI.  Calculated  *7®:  Cl  7.03. 

3,3*-Dlethyl-8,9-tetramethylenethiacarbocyanine  perchlorate  (XIV).  A  mixture  of  4.29  g  of  the  ethyl  p- 
tolucnesulfonate  of  2-cyclohexylidenemethylbenzothiazole  and  3.37  g  of  the  ethiodide  of  2 -methylmercaptobenzo¬ 
thiazole  was  dissolved  in  50  ml  anhydrous  alcohol.  Anhydrous  sodium  acetate  (4  g)  was  added  to  the  solution,  and 
the  mixture  was  boiled  35  min.  Yield  0.9  g  (19^o).  Large  lustrous  tablets,  with  a  bronze  luster,  m.p.  222’. 

Found  *70:  Cl  6.98,  7.20.  C25H27O4N2S2CI.  Calculated  *7o:  Cl  6.84. 

SUMMARY 

1.  A  number  of  quaternary  salts  of  0  -substituted  2-propenylbenzothlazoles  have  been  obtained  by  the  con¬ 
densation  of  quaternary  salts  of  substituted  2-methylbenzothiazoles  with  aromatic  and  alicyclic  ketones. 

2.  From  these  quaternary  salts  and  the  ethiodides  of  2 -methylmercaptobenzothiazole  and  2-6-acetanllldovInyl- 
benzothiazole,  thiacarbocyanines  and  thiadicarbocyanines  have  been  obtained,  and  their  optical  properties  have  been 
studied. 
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Monoesters  of  azelaic  and  acyl  derivatives  of  9-hydroxynonanoic  acids  are  starting  compounds  for  preparing 
16-hydroxyhexadecanoic  acid  by  a  "crossed"  electrocondensation  method.  The  electrosynthesis  is  carried  out  under 
conditions  we  developed  for  preparing  15-hydroxypentadecanoic  acid  [1].  Compounds  (I,  11,  111)  which  are  obtained 
by  reaction  of  the  ROOC(CH2)7COO~  and  R'COOCH2(CH2)7COO‘  ions  according  to  the  following  general  scheme  are 
the  main  reaction  products. 


ROOC(Cll2)7COO- 

ircoocH2(cn2)7COO- 

a)  R  =  R'  =  CM,;  b) 


(I)  nOOC{CIl2)i4CH20COR' 

1  H'COOCiyCiyuCIIzOCOir 

(III)  ROOC(CIl2)i4COOI\ 

R  =  J»o  -C»H„ :  R»  =  CHj;  c)  R  =  C,H,;  R'  =  <ao  -C.lf,. 


Separation  of  (I)  of  free  16-hydroxyhexadecanoic  acid  (after  saponification  of  the  mixture  of  reaction  products) 
in  the  case  when  the  starting  materials  were  ethyl  azelate  and  9-acetoxynonanoic  acid  (R  =  C2H5  and  R'  =  CH3) 
proved  to  be  very  difficult.  Better  results  were  obtained  in  this  case  by  a  method  based  on  different  solubilities  of 
the  potassium  salts  [2]  of  16-hydroxyhexadecanoic  acid  and  hexadecane  dicarboxylate-1,16  obtained  by  saponifying 
compounds  (I  and  III)  in  hot  ethanol.  Hexadecanediol-1,16  formed  by  saponifying  (II)  is  easily  separated  from  the 
salt  mixture  by  extraction  with  organic  solvents.  The  yield  of  16-hydroxyhexadecanoic  acid  is  16-17*70  in  this  case 
(based  on  9-acetoxynonanoic  acid  used). 

In  order  to  avoid  this  rather  laborious  separation  method  and  to  allow  separation  of  (I,  II,  and  III)  by  vacuum 
distillation,  we  conducted  experiments  in  electrocondensation  of  azelaic  esters  and  acyl  derivatives  of  9-hydroxy¬ 
nonanoic  acid  in  which  the  size  of  R  and  R’  radicals  differed  considerably.  This  permitted  preparing  (1,  II,  and  III) 
with  markedly  greater  differences  in  molecular  weight  and  boiling  points.  With  this  goal  we  carried  out  experi¬ 
ments  in  electrocondensation  between  monoisoamyl  azelate  and  9-acetoxynonanoic  acid  (R  =  iso-CsHy  and  R’  =  CH3) 
and  monoethyl  azelate  with  9-iso-valeroxynonanoic  acid  (R  =  “  iso-C4H9). 

In  contrast  to  the  experiments  described  earlier  [1],  these  were  carried  out  with  a  larger  quantity  of  water  in 
th-  electrolyte  (13  moles  instead  of  8.2  per  mole  of  starting  substance)  which  was  a  necessary  condition  for  obtaining 
a  homogeneous  solution.  Moreover,  alcohol  (50-60  ml  per  1  mole  of  starting  substance)  was  added  to  the  electrolyte 
at  the  beginning  of  electrolysis  to  suppress  the  strong  foaming.  All  other  conditions  for  carrying  out  the  electrocon¬ 
densation  process  were  the  same  as  described  in  experimental  variant  "a". 

Satisfactory  results  in  separating  the  reaction  products  were  obtained  only  for  mixtures  (Iv),  (IIv),  and  (IIIv). 
During  distillation  through  a  laboratory  fractionating  column  with  an  efficiency  of  about  10  theoretical  plates 
at  a  residual  pressure  of  0. 9-0.6  mm  ethyl  16 -hydroxyhexadecanoate  was  separated  without  admixed  hexadecane- 
1,16  diester.  The  yield  was  15-17*70,  based  on  9-isovaleroxynonanoic  acid  used. 

The  yield  of  16-hydroxyhexadecanoic  acid  by  following  electrocondensation  variant  "b"  was  7-12*7o  (separation 
was  by  potassium  salts).  It  should  be  mentioned  that  in  this  variation  there  is  considerably  greater  formation  (nearly 
double)  of  hexadecane -1,16  diester  (III)  than  with  variants  "a"  or  "v". 
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EXPERIMENTAL 

I.  Preparation  of  Substances  Used  for  Electrocondensation 

1.  9-Acetoxynonanoic  acid.  To  a  solution  of  9-hydroxynonanoic  acid  (m.p.  44*.  acid  number*  296)  in  100  g 
of  acetic  anhydride  was  added  gradually  25  g  of  acetylating  mixture  (lO^o  solution  of  phosphoric  acid  in  acetic  an¬ 
hydride).  By  distillation  of  the  reaction  product  69.7  g  (54.9%)  of  9-acetoxynonanoic  acid  was  obtained. 

B.  p.  172-174*  (5  mm);  np  1.4391;  acid  number  257.6;  ester  number  257.3.  Calculated:  KCh  =  ECh  259.2. 
Literature  data  [3];  b.p.  192-193*  (10  mm). 

2.  Monoisoamyl  azelate.  A  mixture  consisting  of  204  g  of  azeleic  acid,  200  g  of  diisoamyl  azelate,*  • 

100  g  of  isoamyl  alcohol,  and  500  ml  of  20%  sulfuric  acid  solution  was  heated  6  hr  at  100-102*.  Azelaic  acid 
(83  g)  not  going  into  reaction  was  filtered  off;  the  oily  layer  formed  by  the  reaction  was  washed  with  soda  solution. 

In  this  way  114  g  of  diisoamyl  ester  was  separated.  By  fractionating  monoisoamyl  ester  separated  from  the  soda 
washes  by  acidification  155  g  of  product  was  obtained.  The  yield  of  monoisoamyl  azelate  was  55.4%  based  on 
'azelaic  acid  reacting. 

B.  p.  164-165*  (2  mm);  d*/  0.9860,  nj^  1.4473,  MRp  70.04;  calculated  70.04. 

Found  %:  C  65.24,  65.30;  H  9.65,  9.81;  acid  number  216.2;  ester  number  217.0.  C14H26O4.  Calculated  %; 

C  65.08;  H  10.14;  KCh  =  ECh  217.0. 

3.  9-lsovaleroxynonanoic  acid.  To  a  mixture  of  100  g  of  9-hydroxynonanoic  acid  and  400  ml  of  benzene  at 
50-55“  added  143.1  g  of  isovaleroyl  chloride,  after  which  the  reaction  mixture  was  heated  for  1  hr  more.  The  residue 
after  distillation  of  the  benzene  was  fractionated  in  vacuum.  The  yield  of  9-isovaleroxynonanoic  acid  was  58.7  g. 

B.  p.  171-172“  (2  mm);  d^4°  0.9827,  nJJ  1.4470,  MRp  70.25;  calculated  70.04. 

Found  %:  C  64.70,  64.99;  H  10.17,  9.97;  acid  number218.5  ;  ester  number  216.6.  C14H26O4.  Calculated  %: 

C  65.08;  M  10.14;  KCh  =  ECh  217.5. 

I I .  Electrolytic  Condensation 

Experimental  data  for  variants  "a"  and  "v"  which  differ  in  the  method  of  separating  the  product  mixture  and 
in  some  steps  of  the  electrolytic  condensation  process  are  given.  The  properties  of  the  substances  used  are  given 
above. 


1.  Electrolytic  condensation  of  monoethyl  azelate  and  9-acetoxynonanoic  acid.  Into  a  steel  electrolyzer, 
the  wall  of  which  serves  as  cathode,  equipped  with  a  thermometer,  reflux  condenser,  and  platinum  anode  was  charged 
the  electrolyte  containing  110  g  of  9-acetoxynonanoic  acid  and  330  g  of  monoethyl  azelate  neutralized  with  122  g 
of  potash  in  304  ml  of  water.  The  process  was  carried  out  at  a  current  density  of  0.4  h/cn?  at  the  anode,  a  voltage 
of  14-18  V,  40-45“,  current  of  13-14  A  and  was  discontinued  after  passage  of  180  A-hr.  A  low -boiling  substance 
(52.4  g)  was  steam -distilled  from  the  reaction  products,  but  the  residue  (254.4  g)  was  distilled  in  vacuum.  A  fraction, 
consisting  of  a  mixture  of  (la),  (Ila)  and  (Ilia),  was  collected  at  198-225“  (6  mm)  and  weighed  117.2  g.  The  dis¬ 
tilled  product  (117.2  g)  was  boiled  with  900  ml  of  alcoholic  potassium  hydroxide  (45  g  KOH)  and  the  reaction  mix¬ 
ture  was  filtered  at  60-65“.  The  dipotassium  salt  of  hexadecane-1,16  diacid  remained  as  residue;  the  potassium  16- 
hydroxyhexadecanoate  and  hexadecanediol-l,lb  were  in  the  filtrate.  After  extracting  hexadecanediol  and  converting 
the  salt  to  acid  hexadecane-1,16  diacid  weighing  37.4  g  and  melting  at  121.5“  (literamre  [4]:  m.p.  124.2“),  acid 
number  384.8,  calculated  391.6;  hexadecanediol-1,16  (22.4  g)  m.p.  86-88“,  %  OH,12.2(literature  [4]:  m.p.  88.5- 
91.4“),  calculated  %  OH,  13.2;  and  16 -hydroxyhexadecanoic  acid  (22.5  g)  melting  at  87-88“,  acid  number  219.9,  % 
OH,  6.0  (literature  [3]:  m.p.  95“);  calculated  acid  number  206.3,  %  OH,  6.2  were  obtained.  The  yield  of  16-hy- 
droxyhexadecanoic  acid  was  17%  based  on  9-acetoxynonanoic  acid  used. 

2.  Electrolytic  condensation  of  monoethyl  azelate  with  9-isovaleroxynonanoic  acid.  A  solution  containing 
90  g  of  9-isovaleroxynonanoic  acid,  226  g  of  monoethyl  azelate,  and  84  g  of  KgCO^  in  216  ml  of  water  was  elec- 


*  Here  and  further  on,  KCh  =  acid  number,  ECh  =  ester  number. 

•  •  Diisoamyl  azelate  obtained  by  esterification  of  azelaic  acid  with  isoamyl  alcohol  in  aqueous  sulfuric  acid  so¬ 
lution  has  the  following  constants:  b.p.  161-162“  (2  mm);  0.9295,  nfj  1.4415,  MRd  93.41;  calculated  93.25. 

Found  %:  C  69.67,  69.51;  H  10.84,  10.89;  acid  number  340.8.  C19H36O4.  Calculated  %:  C  69.47;  H  11.05; 
ester  number  341.4. 
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trolyzed  under  the  conditions  described  above.  To  eliminate  foaming  during  electrolysis  25  ml  of  alcohol  was  added. 
A  current  of  92  A -hr  was  passed.  The  residue  (206  g)  after  distillation  of  low -boiling  compounds  (42.4  g)  from  the 
electrolysis  products  was  distilled  through  a  column  of  10  theoretical  plates  efficiency  at  a  residual  pressure  of  0.9- 
0.6  mm.  The  fraction  collected  to  185*  (0.6  mm)  contained  no  ester  of  16-hydroxydexadecanoic  acid.  The  higher 
boiling  fractions  and  residue  after  distillation  contained  the  hydroxyacid  ester  and  diol.  Upon  saponification  of  the 
fractions  boiling  at  185-195*  (0.6  mm)  and  198-202*  (0,6  mm)  and  the  residue  from  vacuum  distillation  15.8  g  of 
16-hydroxyhexadecanoic  acid  melting  at  84-86*,  %  OH  6.0,  acid  number  219.2  was  separated.  The  yield  of  16 -hy- 
droxyhexadecanoic  acid  was  16.8^o  based  on  9-isovaleroxynonanoic  acid. 

SUMMARY 

Electrolytic  condensation  of  monoethyl  and  monoisoamyl  azelate  with  9-acetoxynonanoic  acid,  and  also  of 
monoethyl  azelate  with  9-isovaleroxynonanoic  acid  was  accomplished.  The  yield  of  16-hydroxyhexadecanoic  acid 
was  I'fJo  based  on  9-acetoxynonanoic  acid. 
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FLUORENE  CHEMISTRY 
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Aromtic  hydrocarbons  and  maleic  anhydride  form  5  -aroylacrylic  acids  having  the  trans  configuration  in  the 
presence  of  aluminum  chloride  [1-3].  Acylation  of  polycyclic  hydrocarbons  by  maleic  anhydride  has  not  been  studied 
thoroughly.  The  acylation  of  naphthalene,  phenanthrene,  and  acenaphthene  and  of  fluorene  with  itaconic  anhydride 
have  been  described  [4-6].  Solid  aluminum  chloride  or  an  excess  of  it  nearly  always  shows  a  harmful  effect  on  the 
yield  of  acylation  product.  In  order  to  avoid  this,  a  solution  of  a  maleic  anhydride-aluminum  chloride  complex  in 
1  :  2  molar  ratio  in  methylene  chloride  or  dichloroethane  was  prepared  and  it  was  poured  into  a  solution  of  hydro¬ 
carbon  in  the  same  solvent  [7].  Isomerization  of  6 -aroylacrylic  acids  by  heating  with  a  fused  mixture  of  aluminum 
and  sodium  chlorides  led  to  formation  of  cyclic  products  [4], 

Since  6 -2-fluorenoylacrylic  acid  (I)  has  several  reactive  centers  and  has  very  wide  synthetic  potentialities, 
we  studied  the  acylation  of  fluorene  with  maleic  anhydride  in  the  presence  of  aluminum  chloride.  6 -2-FluOTenoyl- 
acryllc  acid,  the  structure  of  which  was  demonstrated  by  oxicfation  to  the  known  fluorene -2 -carboxylic  acid,  was 
formed  as  a  result  of  the  reaction.  The  acid  obtained  (I)  decolorized  bromine  water  and  readily  added  hydrogen 
chloride  or  hydrogen  bromide  to  fcwm  the  corresponding  saturated  acids.  By  heating  6 -2-fluorenoylacrylic  acid  in 
a  fused  mixture  of  aluminum  and  sodium  chlorides  it  isomerized  into  2,3 -cyclopentanofluorene-l’-one-3' -carboxylic 
acid  (II),  the  structure  of  which  was  proved  by  oxidation  with  potassium  permanganate  to  previously  described  fluore- 
none-2,3-dicarboxylic  acid.  The  reactions  we  studied  can  be  represented  by  the  following  scheme: 
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EXPERIMENTAL 

Preparation  of  8 -2-fluorenoylacryUc  acid.  To  a  solution  of  19,6  g  of  maleic  anhydride  in  120  ml  of  dichloro- 
ethane  was  added  56  g  of  pulverized  aluminum  chloride  over  a  period  of  20  min  with  stirring;  this  was  stirred  30  min 
more  and  the  solution  was  slowly  decanted  (with  little  residual  solid  aluminum  chloride)  into  a  flask  containing  a  so¬ 
lution  of  33.2  g  of  fluorene  in  100  ml  of  dichloroethane.  The  reaction  mixture  was  stirred  at  room  temperature  for 
3  hr  and  left  overnight,  after  which  it  was  poured  into  a  flask  containing  300  g  of  ice  and  50  ml  of  concentrated  hy¬ 
drochloric  acid.  The  residue  was  removed  by  filtration  and  washed  with  dilute  hydrochloric  acid.  The  yield  of  acid 
(1)  was  85*70.  M.p,  200-201“  (decomp.)  from  glacial  Cll3COt'>H. 

Found  *70:  C  77.30,  77.34;  H  4.61,  4.65.  C17IIEO3.  Calculated  *70:  C  77.25;  II  4.54. 

Preparation  of  3 -2-fluorcnoylbromopropionic  acid.  I’o  a  suspension  of  2.5  g  of  6 -2-fluorenoylacrylic  acid 
in  125  ml  of  glacial  acetic  acid  hydrogen  bromide  was  added  until  complete  decolorization  of  starting  material 
occurred.  6 -2-Fluorenoylbromopropionic  acid  was  formed  in  quantitative  yield  and  melted  at  170-171“  (decomp.). 

Found  *70;  Rr  23.22,  23.18.  CnllcfTb'^c  Calculated  *70;  Br  23.15. 

6 -2-Fluorenylchloropropionic  acid  melting  at  102-193“  (decomp.)  was  prepared  similarly. 

Found  *7o:  Cl  11.72,  11.63.  C^lliaO^Cl.  Calculated  *70;  Cl  11.78. 

Oxidation  of  3 -2-flucH:enoylacrylic  acid.  To  a  flask,  containing  180  ml  of  2*70  sodium  hydroxide  and  3.5  g 
of  0 -2-fluorenoylacrylic  acid  was  added  in  small  portions  over  a  duration  of  1  lir  12.8  g  of  potassiiun  permanganate; 
the  reaction  vessel  was  warmed  on  a  water  bath  at  80-90“  for  2  hr  more.  At  die  end  of  the  reaction  the  manganese 
dioxide  was  removed  by  filtration  and  washed  with  a  2*7o  sodium  hydroxide  solution.  The  filtrate  was  acidified;  the 
fluorenone -2 -carboxylic  acid  which  precipitated  was  removed  by  filtration  and  crystallized  from  acetic  acid,  m.p. 
327-330“  (literature  [8]:  m.p.  330“).  For  more  positive  identification  the  acid  was  converted  to  its  metliyl  estqr 
melting  at  180-181“  (literature  [8]:  m.p,  181“). 

Isomerization  of  0 -2-fluorcnoylacrylic  acid.  0 -2-Fluorenoylacrylic  acid  (9  g)  was  added  in  small  portions  to 
a  fused  mixture  of  90  g  of  aluminum  chloride  and  13.5  g  of  sodium  chloride;  the  reaction  mixture  was  heated  for 
45  min  at  120-125”  and  then  added  to  a  flask  with  300  g  of  ice  and  50  ml  of  concentrated  hydrochloric  acid.  The 
residue  was  filtered  off,  washed  with  dilute  hydrochloric  acid,  and  then  water;  it  was  dissolved  in  '2f1o  sodium  bi¬ 
carbonate  and  filtered;  the  filtrate  was  boiled  with  active  charcoal  and  then  acidified;  the  precipitated  residue  of 
2,3-cyclopentanofluoi.ene-l*-one-3’-carboxylic  acid  was  filtered  off  and  again  purified  through  the  sodium  salt, 

M.p.  208-210“  (decomp.). 

Found  *70:  C  77.63,  77.58;  11  4.92,  4.83.  CiyllcOa.  Calculated  *7o:  C  77.25;  II  4.54. 

Preparation  of  methyl  2,3-cyclopentanofluorenc-l' -onc-3' -carboxylate.  The  acid  (1.3  g)  and  60  ml  of  an¬ 
hydrous  methyl  alcohol  were  charged  into  a  flask;  a  strong  stream  of  dry  hydrogen  chloride  was  introduced  for  20  min 
duration,  after  which  the  flask  was  cooled  to  0“;  the  reaction  mixture  was  thus  saturated  with  hydrogen  chloride  and 
left  for  2  hr.  Then  the  contents  of  the  flask  were  added  to  a  beaker  of  ice  and  crystalline  sodium  carbonate;  the 
residue  was  filtered  off,  washed  with  soda  solution,  then  water,  and  crystallized  from  pyridine  and  toluene.  M.p. 
138-140“  (decomp.). 

Found  *7o:  C  77.85,  77.92;  H  4.79,  4.86.  C18II14O3.  Calculated  *7o:  C  77.69;  H  5.03. 

Oxidation  of  2,3 -cyclopentanofluorene-1' -one -3' -carboxylic  acid.  To  a  flask  containing  300  ml  of  2*7o  sodium 
hydroxide  solution  and  5  g  of  acid,  immersed  in  a  water  bath  at  80-90°,  was  added  in  small  portions  over  2  lir  26  g 
of  potassium  permanganate,  after  which  heating  was  continued  2  hr  more.  The  residual  manganese  dioxide  was  fil¬ 
tered  off  and  washed  with  caustic;  the  filtrate  was  acidified  and  the  precipitate  was  recrystallized  from  glacial  acetic 
acid.  The  fluorenone -2 ,3 -dicarboxy lie  acid  isolated  had  a  wide  melting  range  (246-272“;  literature  [9]:  m.p.  250- 
275“)  since  it  is  easily  converted  to  the  anhydride.  For  more  positive  identification  the  dimethyl  ester,  which  melted 
at  132-133“  (literature  [9]:  m.p.  131-133“)  was  synthesized;  it  did  not  give  melting  point  depression  with  a  pure  pre¬ 
paration. 

SUMMARY 

1.  0-2-Fluorenoylacrylic  acid  was  prepared  and  its  structure  demonstrated  by  oxidation  to  fluorenone -2 - 
carboxylic  acid. 
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2.  6-2-Fluorenoylbromopropionic  and  6 -2-fluorenoylchloropropionic  acids  were  obtained. 

3.  An  isomerization  product  of  6 -2-fluorenoylacrylic  acid  was  prepared  and  its  structure  was  demonstrated. 

4.  Derivatives  of  fluorenone-2 -carboxylic  and  fluorenone-2,3-dicarboxylic  acids  as  well  as  of  2,3-cyclo- 
pentanofluorene-1’ -one -3’ -carboxylic  acid  were  prepared. 
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In  the  previous  paper  [1]  we  described  a  series  of  phenylethylalkylarsines  and  some  of  their  properties.  Con¬ 
tinuing  studies  in  this  direction,  we  carried  out  new  syntheses  of  aliphatic -aromatic  arsines.  Synthesis  of  the  original 
halosubstituted  secondary  arsine  was  accomplished  by  reaction  of  tetraethyllead  with  p-tolyldichloroarsine  at  elevated 
temperature  (about  120°). 

i- (02ll.-,)4lM»  — *  AsCI  :  I'hCl.  j  CJI,,!:! 


p-  Tolyletliylchloroarsine  was  thus  isolated  in  88.3^o  yield. 

Various  asymmetric  arsines  were  obtained  by  reaction  of  p-tolylethylchloroarsine  with  solutions  of  Grignard 
reagents  prepared  from  the  corresponding  haloalkanes.  Some  data  concerning  them  is  presented  in  Table  1. 

p-TolyIdiethylarsine  was  first  synthesized  [2]  by  another  method,  but  besides  a  boiling  point  at  250°  no  other 
data  were  presented.  We  previously  synthesized  ethyl-n-propyl-p-tolylarsine  by  another  metliod  [3]. 

All  of  the  trivalent  arsines  we  obtained  were  colorless,  easily  mobile  liquids  with  clinging  odors.  They  are 
soluble  in  ether,  alcohol,  benzene,  and  other  organic  solvents  but  are  insoluble  in  water. 

The  trivalent  arsines  isolated  react  with  cuprous  bromide  to  yield  complex  salts.  Thus,  a  complex  melting  at 
118-119°  was  obtained  from  ethyl-n-propyl-p-tolylarsine. 

As  is  seen  from  Table  1,  the  atomic  refraction  of  the  aliphatic -aromatic  arsines  synthesized  is  in  the  range 
12.04,  i.e.,  complete  agreement  is  found  with  the  atomic  refraction  of  phenylethylalkylarsines  previously  prepared. 

Crystalline  arsonium  compounds,  some  of  the  properties  of  which  are  given  in  Table  2,  were  obtained  by  the 
reaction  of  allyl  bromide  or  benzyl  bromide  with  tertiary  arsines. 

Quaternary  asymmetric  arsonium  compounds  are  white  crystalline  substances  soluble  in  alcohol,  acetone,  water 
and  insoluble  in  ether. 


EXPERIMENTAL 

Preparation  of  p-tolylethylchloroarsine.  In  a  four -necked  flask  equipped  with  stirring,  dropping  funnel,  reflux 
condenser,  and  thermometer  with  continuous  nitrogen  blanketing  was  charged  150  g  of  p-tolyldichloroarsine  which 
was  heated  in  an  oil  bath  to  110-120°  (bath  temperature  120-145°).  Then  68.0  g  of  tetraethyllead  was  added  through 
the  dropping  funnel  to  the  warm  p-tolyldichloroarsine.  Turbidity  and  appearance  of  a  white  residue  indicated  the 
beginning  of  the  reaction.  The  reaction  was  continued  until  ethyl  chloride  no  longer  was  evolved  through  a  calcium 
chloride  tube.  A  fraction  boiling  at  126-127°  (11  mm)  weighing  129  g  (88.3®7o)  was  obtained  by  vacuum  distillation. 

Found  As  32.25;  Cl  15.58.  CgllcClAs.  Calculated  *70;  As  32.48;  Cl  15.43. 

p-Tolylethylchloroarsine  is  a  transparent  liquid,  d^®  1.3231,  nf^  1.5840. 


Preparation  of  methylethyl-p-tolylarsine.  To  an  ethereal  solution  of  methyl  magnesium  iodide  obtained  from 
1.55  g  of  magnesium  and  9.1  g  of  methyl  iodide  in  50  ml  of  ether  was  cautiously  added  drop  by  drop  15  g  of  p- 
tolylethylchloroarsine  under  a  stream  of  inert  gas  with  external  cooling.  Then  the  reaction  mixture  was  left  at  room 
temperature  for  some  hours.  After  decomposition  with  a  solution  of  ammonium  chloride  the  ether  layer  was  separated. 
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TABLE  1 


Formula 

Boiling 

1 

„2i' 

•/. 

AS 

MR, 

A 

Yield 

point 

(10mm) 

M 

calc. 

found 

(in*^) 

r.H, 

102-103° 

1.1671 

1.. 5.565 

35.64 

35.43 

57.90 

12.02 

81.8 

<.,Hk 

C,H,^ 

109-110 

1.1418 

1..5504 

33.46 

33.38 

62.52 

12.02 

84.2 

c,h/ 

122-123 

1.1190 

1.5445 

31.45 

31.15 

67.21 

12.08 

71.3 

CtH,. 

\A8-C.H,-M. 

137-138 

1.0978 

1.5374 

29.70 

29.51 

71.73 

11.97 

84.7 

C,H, 

^A8-(;,h„-ii. 

152-153 

1.0868 

1.5359 

28.20 

27.97 

76.29 

11.99 

87.5 

o,n, 

\A8 — (•fHij'H. 

164-165 

1.0673 

1.5286 

26.70 

26.58 

81.04 

1 2.08 

.59.6 

0,H,. 

\A8-C,H„-h 

0,11/ 

132  (1) 

1.0510 

i..5235 

25.45 

25.23 

85.51 

12.04 

58.1 

0,H,. 

\As-0,H„-h 

147  (1) 

1.0325 

1.5180 

i  24.29 

1 

24.06 

90.36 

12.14 

61.8 

TABLE  2 


Melting 

•/,  A8  I 

•/o 

Br 

Yield 

Empirical 

Formula 

point 

formula 

calc. 

found 

calc. 

found 

(in  ^0) 

c,n,. 

\A8^  nr 

Xh.J 

78—79° 

C,r,llo4nr.A.s 

20.85 

20.81 

22.27 

22.13 

n.i 

rC,H,^  /My  1 

Hr 

.c,n.  1 

110-111 

1 1 22^^rAs 

19.65 

19.23 

20.96 

20.77 

61.7 

washed  with  water,  and  dried  over  calcium  chloride.  After  removal  of  solvent  the  residual  liquid  was  distilled  under 
vacuum.  B.p.  122-123“  (10  mm).  Yield  10.6  g  (81. B^o). 

Found  °}o'.  As  35.43.  CioHjsAs.  Calculated  °Jo‘.  As  35.64. 

Methylethyl-p-tolylarsine  is  a  colorless  liquid  with  an  unpleasant  odor  which  is  soluble  in  ether,  alcohol,  ben¬ 
zene,  and  other  organic  solvents. 

Other  arsines  were  obtained  in  a  manner  like  that  described  above;  their  properties  are  presented  in  Table  1. 

Preparation  of  E  thy  1 -n -Pr opy  lally  1  - p  -  Toly  lar sonium  Bromide 

To  3.0  g  of  ethyl-n-propyl-p-tolylarsine  in  a  tube  was  added  1.62  g  of  allyl  bromide.  The  tube  was  sealed. 
After  heating  for  6  hr  at  130*  3.43  g  of  a  crystalline  substance  melting  at  78-79*  was  separated. 

Found  “Vo;  As  20.81;  Br  22.13.  C,5H24BrAs.  Calculated  As  20.85;  Br  22.27. 
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Ethyl-n-propyl-p-tolylallylarsonium  bromide  is  a  crystalline  substance  soluble  in  alcohol,  acetone,  ethyl 
acetate,  and  water. 

Methylethyl-p-tolylbenzylarsonium  bromide  was  synthesized  by  the  method  described  above. 

Preparation  of  a  complex  with  cuprous  bromide.  To  1.5  g  of  ethyl-n-propyl-p-tolylarsine  was  added  0.95  g  of 
cuprous  bromide.  The  tube  was  sealed  and  warmed  slightly.  Upon  cooling  2.1  g  of  a  crystalline  substance  melting 
at  118-119*  was  obtained. 

Found  As  19.48;  Br  21.08.  CoHuBrCu.  CalcuUted  1o-.  As  19.60;  Br  20.91. 

SUMMARY 

1.  A  convenient  method  for  preparing  ethyl-p-tolylchloroarsine  was  developed. 

2.  Some  new  tertiary  arsines  were  synthesized  and  their  properties  were  studied. 

LITERATURE  CITED 

1.  Gll’m  Kamai  and  Yu.  F,  Gatllov,  Zhur.  Cbshchei  Khim.  1864  (1961). 

2.  Michaelis,  Ueb.  Ann.  3^,  305  (1902). 

3.  Gil'm  Kamai,  Zhur.  Cbshchei  Khim.  4,  188  (1934). 


All  abbreviations  of  periodicals  in  the  above  biblio;;raphy  are  letter>by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri~ 
odicaJ  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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STUDY  OF  THE  REACTION  OF  PROPYLENE  OXIDE 
WITH  CYANAMIDE.  II 

A.  E.  Kretov  and  I.  S.  Matveev 

F.  E.  Dzerzhinskii  Dniepropetrovsk  Chemical-Technological  Institute 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 
pp.  2885-2889,  September,  1961 


The  syntheses  of  monoalky lolcyanamides  [1-3]  and  dialky lolcyanamides  [4]  are  described  in  the  literature. 
Conditions  for  the  synthesis  of  cyclic  compounds  -  2-inimooxazolidine  and  its  derivatives  from  alkylene  oxides  as 
well  as  the  corresponding  chlorohydrins  and  the  appropriate  cyanamide  salt  -  were  discovered  by  Fromm  and  col¬ 
laborators  [5-8]. 

We  investigated  the  reaction  of  cyanamide  with  propylene  oxide  (taken  in  excess)  in  a  steel  autoclave  with 
stirring  under  pressure  at  comparatively  low  temperatures  in  the  presence  of  added  caustic  acting  as  catalyst  (al¬ 
coholic  solution  of  caustic  or  calcium  hydroxide)  both  without  solvent  and  in  benzene.  In  all  of  these  cases  com¬ 
plex  mixtures,  not  individual  substances,  in  the  form  of  viscous  yellow  liquids  were  formed.  By  fractional  distilla¬ 
tion  separation  of  the  product  mixture  was  accomplished,  and  the  composition  of  the  mixture  was  determined  using 
absorption  chromatography  to  separate  the  substances.  The  individuality  and  purity  of  the  separated  substances  was 
verified  by  two  or  three  repetitions  of  the  passage  over  the  chromatography  column. 

Study  of  the  reaction  products  begun  with  the  fraction  simplest  in  composition.  The  analyses  obtained  showed 
that  compound  (I)  was  formed  from  one  cyanamide  molecule  and  two  propylene  oxide  molecules.  Its  structure  was 
determined  by  studying  its  methylation  product,  which  contained  one  methoxyl  group.  Therefore,  the  starting  ma¬ 
terial  had  a  cyclic  structure.  In  the  opposite  case  it  must  contain  two  hydroxyl  groups,  and  two  methoxy  groups  after 
methylation.  The  absence  of  a  nitrile  group  in  the  substance  is  shown  by  its  failure  to  give  an  amide  [9]  or  thio- 
amide  [10];  this  also  supports  its  cyclic  structure.  The  cyclic  structure  of  the  given  substance  was  also  demonstrated 
by  hydrolysis  of  the  methoxy  derivative  with  ethanolic  potassium  hydroxide  and  formation  of  6 -methoxy -6' -hy- 
droxydipropylamine,  methylamine,  and  gaseous  carbon  dioxide.  These  products  correspond  to  an  imine  form  [11] 
of  compound  (I). 

If  this  compound  had  the  amine  form  (la),  then  6 -methoxypropylamine,  6 -hydroxypropylamine,  and  gaseous 
carbon  dioxide  would  be  obtained  by  hydrolysis. 


ClIa-N-CHa-CHOH-R  CHg-N 

II  I  II 

R— CH  c:=N-R  R— CH  C— NH-CH.^— CROH— R 

No/ 

(I)  (la) 

Analyses  showed  that  the  second  of  the  substances  obtained  was  formed  from  one  cyanamide  molecule  and  three 
propylene  oxide  molecules.  The  question  of  the  structure  of  this  substance  was  also  clearly  answered  by  studying  hy¬ 
drolysis  products  from  its  methylated  derivative  and  ethanolic  potassium  hydroxide,  as  a  result  of  which  6-methoxy- 
B'-hydroxydipropylamine,  6 -methoxypropylamine,  and  carbon  dioxide  gas  were  obtained;  this  corresponds  to  imine 
form  (11). 


Cllj— N— CHa— CHOU  — R 


R-CH  C=NCH2CH0H-R 


(II) 
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Thus  the  possibility  of  forming  an  amine  form  by  hydrolysis  of  which  3,0'-dimethoxydipropylamlne,  6- 
hydroxy propylamine  and  carbon  dioxide  would  be  obtained  was  excluded.  The  possibility  of  forming  an  aliphatic 
compound  (V)  was  excluded  since  this  compound  does  not  give  a  reaction  for  the  nitrile  group  or  form  2,9-dimethoxy- 
4-oxa-5-methyl-7-azadecane  and  ammonia  on  hydrolysis. 


n-ciKni-cii.-o-cii— c 

I 

II 


'2v 

\ 

N-CN 

/ 


lU-CIIOII-Cll.y 

(V) 


II  -  II.  CUv 


Analytical  data  showed  that  the  tliird  of  the  substances  (111)  was  formed  from  one  cyanamide  molecule  and  four 
propylene  oxide  molecules  and  had  an  imino  form.  By  hydrolyzing  its  methylation  product  with  ethanolic  solution 
2-methoxy-9-hydroxy-4-oxa-5-methyl-7-azadecane,  0 -methoxypropylamine  and  gaseous  carbon  dioxide  were  ob¬ 
tained. 

The  analyses  obtained  permit  the  supposition  that  the  fourth  substance  was  formed  from  one  dicyandiamide 
molecule  and  two  propylene  oxide  molecules  and  is  2-amino-2-cyanamido-3-0-hydroxypropyl-5-methyloxazolidine- 
2.3  (IV). 


II 

I 

cn^—N— CII2— <:ii-<>— ciig— ciioii— II 

ii-(;ii  (!=n— ciioCiKiii— II 
(III) 


n 


c;||.,_N— t;il.,— CIIDII— Cll.T 

I  “  I  ■ 
cils— Cll  t:-NII-CN 


o 


NIlo 

(IV) 


This  substance  was  not  studied  more  closely. 

All  the  compounds  were  readily  soluble  in  water,  methanol,  dioxane,  acetone,  and  pyridine,  but  poorly  soluble 
in  benzene.  They  were  nearly  insoluble  in  ether;  compound  (111)  was  soluble  in  petroleum  ether,  and  (IV)  was  in¬ 
soluble  in  chloroform.  Compounds  (11)  and  (111)  were  distilled  molecularly  at  8  •  10"^  mm:  (II)  at  80-86°  in  a  gly¬ 
cerine  bath  in  the  form  of  a  viscous  yellow  liquid,  (111)  at  00-94°.  Compounds  (1)  and  (IV)  were  not  distillable  under 
these  conditions  and  gradually  changed  their  composition. 

EXPERIMENTAL 

A  mixture  of  0.369  g-moles  of  cyanamide,  0.869  g-moles  of  propylene  oxide  and  50  mg  of  calcium  hydroxide 
was  placed  in  an  autoclave  and  after  careful  mixing  was  heated  for  3  hr  at  65-75°.  When  the  required  temperature 
was  reached  in  the  autoclave  mixing  was  carried  out  for  3-5  min  out  of  every  30-40  min;  thus  heating  was  regulated 
so  that  rapid  rises  in  temperature  or  pressure  did  not  occur  in  the  autoclave.  The  mixture  obtained  was  a  viscous 
yellow  liquid.  Temperature  exhibited  a  decided  influence  on  the  reaction  course.  At  45-50°  the  reaction  did  not 
go  even  in  6  hr.  At  55-65°  the  reaction  did  not  go  to  completion.  Under  these  conditions  the  yield  of  fraction  (I) 
was  45-47^0,  (II)  28-30^0,  (III)  0.1-Vlo,  There  was  18-2(fJo  unreacted  dicyanamide.  At  65-75°  the  reaction  went  to 
completion,  but  the  amount  of  (I)  decreased  to  3CP/o  while  (II)  increased  to  43-45Vo.  The  yield  of  (III)  was  2-3*7o  and 
(!V)  2(fJo,  If  the  reaction  was  carried  out  in  benzene  the  yield  of  products  was  slightly  less. 

Separation  of  the  reaction  products.  To  a  separatory  funnel  containing  11  g  of  reaction  mixture  was  added 
25  ml  of  chloroform,  which  was  carefully  shaken  and  left  for  1  hr.  The  chloroform -soluble  portion  was  65*70  of  the 
mixture  taken;  the  remaining  part  was  insoluble  and  floated  on  the  surface.  The  chloroform  solution  was  distilled 
to  3/4  its  volume  and  introduced  on  a  chromatographic  column  of  silica  gel  type  ASK  28-50  and  washed  with  100ml 
of  petroleum  ether,  after  distillation  of  which  0.4  g  of  compound  (III)  was  obtained. 

njJ  1.4840,  d|§  1.0986,  MRp  71.53;  calc.  72.05. 

Found  *70;  N  10.07;  OH  11.76.  Equiv.  276.  Ci3n2604N2.  Calculated  *70:  N  10.22;  OH  12.41.  Equiv.  274.  - 

Compound  (II)  (4.8  g)  was  eluted  with  100  ml  of  chloroform. 
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n”  1.4750,  d||  1.1340,  MRp  54.42;  calc.  54.65. 

Found  N  12.88;  OH  16.17.  Equiv.  216.  CioH2o03N2.  Calculated  *70 ;  N  12.96;  OH  15.74.  Equiv.216. 

The  chloroform -insoluble  mixture  was  dissolved  in  dioxane  and  passed  through  the  same  column.  Compound 
0)  (3.6  g)  was  eluted  with  dioxane;  this  was  passed  over  a  starch  column  as  a  dioxane  solution  for  further  purification 
and  was  eluted  with  the  same  solvent. 

rg  1.4889,  1.0200,  MRq  44.68;  calc.  43.68. 

Found  *70:  N  17.93;  H  1.18.  Equiv.  165.  C7H,iaN2.  Calculated ‘7o:  N  17.70;  H,_  1.26.  Equiv.  158. 
act  “Cl 

Substance  (IV)  (2.2  g)  was  eluted  from  the  silica  gel  cohunn  with  methanol. 

nfj  1.5230,  d|S  1.1935,  MRj)  51.00;  calc.  52.52. 

Found  “Vo;  N  28.30.  Equiv.  201.  C8Hi60iN4.  Calculated  '7o:  N  28.10.  Equiv.  199. 

Complete  elution  of  the  different  fractions  was  determined  by  changing  refractive  indices  as  well  as  by  changes 
in  the  solvent  color. 

Methylation  reaction.  In  a  flask  with  stirrer  was  placed  0.1  g-mole  of  (I,  II,  III)  and  0.22  g-mole  of  dimethyl 
sulfate.  The  mixture  was  heated  for  3  hr  on  a  boiling  water  bath.  After  cooling  the  reaction  mixture  the  unreacted 
material  was  extracted  with  chloroform,  and  the  remaining  mixture  was  dissolved  in  acetone  and  passed  over  a  silica 
gel  chromatography  column.  The  ethers  obtained  along  with  salts  of  methylsulfuric  acid  were  viscous  brown  liquids 
and  were  washed  with  acetone.  The  methylsulfuric  acid  was  titrated  with  0.5  N  caustic  solution  and  steam  distilled, 
but  the  residual  mass  was  dissolved  in  ethanol  and  filtered  from  potassium  methyl  sulfate.  After  distilling  the  methanol 
the  methylation  products  obtained  were  the  indicated  compounds  in  the  form  of  viscous  liquids. 

(I)  Found  <7o;  N  15.10;  OCHg  15.75.  CglligCTfeNj.  Calculated  *70:  N  15.05;  OCH3  16.6. 

(II)  Found  "/o:  N  11.43;  (K:H3  24.93.  Cj2ll24C^N2.  Calculated  *70;  N  11.47;  OCH3  25.41. 

(III)  Found  <70:  N  9.19;  OCII3  19.5.  CJ5II30O4N2.  Calculated  *70:  N  9.27;  OCH3  20.52. 

Hydrolysis  of  the  ethers.  In  a  flask  with  a  reflux  condenser  was  charged  0.1  g-mole  of  the  ether  and  460  ml 
of  2.5*70  ethanolic  potassium  hydroxide  solution.  The  mixture  was  heated  at  70-75"  for  3  hr.  The  solvent  was  distilled 
from  the  reaction  mixture,  after  wliich  the  amines  were  extracted  from  the  residual  mixture  in  the  flask  with  an¬ 
hydrous  ethanol.  The  solution  was  neutralized  with  carbon  dioxide  gas;  potassium  carbonate  was  filtered  off,  and 
ethanol  was  distilled  from  the  filtrate,  leaving  a  mixture  of  aminoalcohols  as  a  residue  which  was  separated  by  vacu¬ 
um  distillation.  6 -Methoxypropylamine  was  distilled  at  100-105"  (7-9  mm)  as  a  mobile  yellow  liquid. 

Found  *70:  N  15.80;  OCII3  33.79.  C4lInON.  Calculated  *70;  N  15.72;  OCH3  34.82. 

6 -Methoxy-6' -hydroxydipropylamine  distilled  at  110-116"  (7-9  mm)  as  a  yellow  liquid. 

Foimd*7o:  N  9.59;  OCH3  20.72.  C7Hi70i,N.  Calculated  *70;  N  9.52;  OCH3  21.08. 

2-Methoxy-9-hydroxy-4-oxa-5-methyl-7-azadecane  was  distilled  at  160-168"  (4-6  mm). 

Found  *70:  N  6.70;  OCH3  15.37.  C10II23O3N.  Calculated  *70;  N  6.83;  OCH3  15.12. 

The  residue  remaining  in  the  flask  was  dissolved  in  water  and  carbon  dioxide  gas  was  precipitated  as  barium 
carbonate  by  addition  of  barium  hydroxide.  The  yield  was  quantitative. 

SUMMARY 

1.  The  reaction  of  propylene  oxide  with  cyanamide  was  studied. 

2.  A  method  for  separating  the  substances  obtained  on  a  chromatography  column  packed  with  silica  gel  was 
developed. 

3.  It  was  shown  that  all  products  are  derivatives  of  2-iminooxazolidine-l,3. 

LITERATURE  CITED 

1.  U.  S.  Patent  2244421;  Ch.  A.  5656  (1941). 

2.  U.  S.  Patent  2293027;  Ch.  A.  37,  889  (1943). 


2690 


3.  U.  S.  Patent  2369307;  Ch.  A.  39,  3674  (1945). 

4.  A.  E.  Kretov,  Khlm.  nauk  1  prom.  6,  702  (1957). 

5.  E.  Fromm  and  E.  Honold,  Ber.  902  (1922). 

6.  E.  Fromm  and  H.  Barrenscheen,  Lleb.  Ann.  442,  130  (1925). 

7.  E.  Fromm,  Lieb.  Ann.  259  (1926). 

8.  E.  Fromm,  J.  pr.  ch.  (2),  m.  163  (1930). 

9.  Br.  Radzlszewrky,  Ber.  355  (1885). 

10.  A.  Gautier,  Lieb.  Ann.  142,  289  (1867);  I.  Guben,  Methods  of  Organic  Chemistry  [in  Russian]  (1949),  Vol.  4, 
No.  1. 

11.  A,  E.  Kretov  and  I.  S.  Matveev,  ZhOKh  30,  1837  (1960). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter>by-letter  transliter^ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation,  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


2691 
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We  previously  demonstrated  that  dialkyl-  and  diarylphosphinous  acid  esters  are  easily  transesterified  by  mono- 
hydric  alcohols  and  ethylene  glycol  [1].  In  this  work  we  studied  the  transesterification  of  the  indicated  phosphlnite 
derivatives  with  glycerine  derivatives  having  one  free  hydroxyl  group  with  the  intent  of  expanding  the  scope  and 
applications  of  the  reaction.  The  synthesis  of  phosphinites  and  substituted  glycerides  has  additional  significance,  for 
example,  in  connection  with  developing  insect  repellent  preparations  in  the  alkylideneglycerine  \2,  3]  and  glycerine 
phosphate  series  [4]. 

The  transesterification  reaction  was  studied  on  sample  glycerine  derivatives  containing  a  free  primary  or  secon¬ 
dary  hydroxyl.  1,2-Diphenylideneglycerine  and  1,2-isopropylideneglycerine  were  used  as  derivatives  of  the  first  type. 
It  was  shown  that  these  compounds  undergo  transeste’ification  easily  with  simple  esters  of  methylethyl-,  dipropyl-, 
and  diphenylphosphinous  acids. 


Cll.oil 

1 

,11' 

1 

[Ml. 

Cll- 

1 

IVO 

-IV 

1 

n 

(Ml 

1 

Cll-K 

-o/ 

\ll 

(ML 

(I) 

(la] 

in  = 

CH,; 

R" 

=  CH,; 

R" 

'  =  r.,H.. 

(lb 

(H  = 

r.H,; 

R” 

=  C,H, 

:  K' 

”  =  CjH,. 

(ic 

R  = 

CH,; 

R" 

=  C.H, 

;  R' 

'•  =C,Hv 

fid 

K  = 

C.H. 

:  R'' 

'  -  C,Hi 

i;  R 

"'  =  C,H;. 

U' 

=  C 

:,H,  or 

C,H,. 

The  transesterification  of  1,3-benzylideneglycerine,  which  we  selected  as  a  derivative  of  glycerine  containing 
a  free  secondary  hydroxyl,  with  phosphinites  occurs  with  more  difficulty.  However,  even  here  good  yields  of  the 
corresponding  phosphinites  are  obtained. 
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These  glyceryl  phosphinites,  previously  unreported  compounds,  are  colorless  liquids  or  crystalline  substances 
with  unpleasant  odors  which  are  easily  oxidized  in  air  but  are  unchanged  during  storage  under  an  atmosphere  of 
inert  gas.  In  their  chemical  properties  the  products  obtained  resemble  simple  esters  of  dialkyl-  and  diarylphos¬ 
phinous  acids.  Thus,  by  reaction  with  oxidizing  agents  or  sulfur  they  are  converted  to  the  corresponding  phosphonates 
and  thiophosphonates.  It  should  be  mentioned  that  phosphinites  formed  from  1,2-isopropylideneglycerine  are  more 
easily  converted  to  derivatives  of  pentavalent  phosphorus,  than  phosphinites  formed  from  1,3-benzylideneglycerine, 
apparently  owing  to  steric  factors. 
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of  1,3-benzylideneglyceryl  dipropylphosphinate  was  prepared  from  5.7  g  of  the  phosphinite  dissolved  in  14  ml  of 
anhydrous  carbon  tetrachloride. 


2693 


Synthesis  of  Phosphinites  on  the  Glycerine  Series 


B.  p.  117-118*  (10-*  mm),  1.5190. 

Found  °lo:  C  61.13,  61.24;  H  7.91.  7.83. 
C1SH25O4P.  Calculated  ^0:  C  61.54;  H  8.01. 

It  is  a  very  viscous  liquid,  tinted  slightly  yellow, 
which  is  insoluble  in  water  and  petroleum  ether  but 
soluble  in  alcohol,  acetone,  benzene,  and  carbon 
tetrachloride. 

Addition  of  sulfur  to  propyl  dipropylphosphinite. 
Sulfur*  (0.48  g)  was  gradually  added  to  2.64  g  of 
phosphinite.  The  reaction  occurred  with  evolution 
of  heal  to  140-142°,  at  the  conclusion  of  which  the 
reaction  mixture  was  heated  3  hr  more  at  110-115°. 
The  reaction  mixture  was  cooled,  filtered,  and  dis¬ 
tilled  under  vacuum.  Propyl  dipropylthiophosphinate 
was  obtained  (2.7  g;  90^o). 

B.p.  81-82°  (0.5  mm),  ng  1.4778,  d^®  0.9614, 
MRj)  61.22;  calc.  61.80. 

Found  P  14.36,  14.57;  S  15.01,  15.10. 
C9H21OSP.  Calculated  p  14.85;  S  15.39. 

It  is  a  colorless  liquid  with  an  unpleasant  odor 
which  is  insoluble  in  water  and  soluble  in  common 
organic  solvents. 

Addition  of  sulfur  to  1,2-isopropylidene- 
glyceryl  dipropylphosphinite  (Ib).  By  the  method 
described  above  3.9  g  (93^o)  of  1,2-isopropylidene- 
glyceryl  dipropylthiophosphinate  was  obtained  from 
3.72  g  of  phosphinite  and  0.48  g  of  sulfur. 

B.  p.  141-142°  (1  mm),  n^  1.4847,  1.0500, 

MRp  76.39;  calc.  76.51. 

Found  •yo;  p  10.66,  10.57;  S  11.01,  11.10. 
C12H25O3SP.  Calculated  <70;  p  11.07;  S  11.42. 

The  liquid  is  slightly  yellow  in  color  with  an 
unpleasant  odor  and  is  insoluble  in  water  but  soluble 
in  the  common  organic  solvents. 

Arbuz  rearrangement  of  propyl  dipropylphos¬ 
phinite  and  methyl  iodide.  To  3.52  g  of  the  phos¬ 
phinite  with  cooling  by  ice  bath  was  added  3  g  of 
methyl  iodide.  At  the  conclusion  of  the  exothermic 
reaction  3.6  g  of  propyl  iodide  (b.p.  100- 

102.5°;  n|j  1,5045)  was  distilled  from  the  reaction 
mixture.  After  vacuum  distillation  of  the  residue 
2.7  g  (90^0)  of  dipropylmethylphosphine  oxide  was 
obtained. 

B.p.  91-93°  (1  mm),  m.p.  39-39.5°. 

Found  ^yo:  P  20.70,  20.70.  C7H17OP.  Calcu¬ 
lated  °Jo:  p  20.94. 

*  The  sulfur  used  must  be  carefully  dried. 


pyridine  in  150  ml  of  absolute  ether  at  -70°  was  gradually  added  a  solution  of  0.22  g-mole  of  propyl  magnesium 
bromide  in  150  ml  of  absolute  ether.  The  rate  of  adding  the  organomagnesium  compound  must  be  such  that  the 
temperature  in  the  reaction  flask  does  not  exceed  -65°.  After  the  reagents  were  mixed,  the  reaction  mixture  was 
gradually  warmed  to  room  temperature;  the  residue  was  removed  by  filtration,  the  ether  was  evaporated,  and  the 
remaining  oil  was  distilled  under  vacuum.  All  operations  must  be  conducted  in  an  atmosphere  of  purified  nitrogen. 
After  two  distillations  propyl  dipropylphosphinite  (6  g;  46.6®/o)  was  obtained. 

B.  p.  70-71°  (7  mm),  nf^  1.4430,  d|®  0.8473,  MRj)  54.64;  calc.  54.94. 

Found ‘Vo:  P  17.18,  16.93.  C9II21OP.  Calculated ‘Vo;  P  17.62. 

It  is  a  colorless  mobile  liquid  with  an  unpleasant  odor  which  is  insoluble  in  water,  but  is  easily  miscible  with 
common  organic  solvents.  The  substance  ignites  in  air. 

Preparation  of  ethyl  diphenylphosphinite.  In  the  manner  discribed  above  9  g  (647o)  of  ethyl  diphenylphos- 
phinite  boiling  at  127-128°  (1  mm),  np  1.5910,  was  prepared  from  9  g  of  ethyldichlorophosphite,  15  g  of  pyridine  in 
120  ml  of  absolute  ether  and  0.124  g-mole  of  phenyl  magnesium  bromide  in  70  ml  of  absolute  ether.  Salt  with 
cuprous  iodide,  m.p.  190-192°.  Literature  [7]:  b.p.  179°  (17  mm),  salt  with  cuprous  iodide,  m.p.  190-191°, 

SUMMARY 

1.  The  transesterification  reaction  between  dialky Iphosphinite  esters  and  glycerine  derivatives  having  free 
primary  or  secondary  hydroxyls  was  studied.  A  previously  unknown  series  of  glyceryl  phosphinites  was  obtained. 

2.  Some  chemical  properties  of  the  phosphinites  obtained  were  studied. 

3.  Propyl  dipropylphosphinite  and  ethyl  diphenylphosphinite  were  synthesized  by  the  reaction  of  Menshutkin's 
acid  chlorides  with  organomagnesium  compounds. 
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CONJUGATION  FACTORS  IN  CYCLIC  SYSTEMS 
III.  SOME  SPECTRAL  RULES  FOR  A  SERIES  OF  ISOMERIC  CYCLO- 
HEXADIENE-1.2-DICARflOXYLIC  ACIDS  AND  THEIR  DERIVATIVES 

V.  F.  Kucherov,  N.  Ya,  Grlgor'eva,  and  T.  M.  Fadeeva 

N.  D.  Zelinskii  Institute  for  Organic  Chemistry 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 
pp.  2894-2898,  September,  1961 
Original  article  submitted  September  18,  1960 


In  the  process  of  defining  a  rule  for  the  isomerization  of  endocyclic  double  bonds  we  synthesized  methyl-  and 
dimethylcyclohexadiene-l,2-dicarboxylic  acids  of  the  type  (II)  and  (III)  and  their  functional  derivatives  for  which 
we  investigated  some  interconversions  [1,  2], 
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The  subject  of  this  communication  is  the  examination  of  UV-  and  IR-absorption  spectra  of  these  compounds. 

As  was  shown  previously  [3]  the  characteristic  UV -absorption  spectrum  of  anhydride  type  (I)  contains  two 
maxima  (Xj  235-243  mp  and  X2  280-290  mp)  while  the  corresponding  acids  and  their  dimethyl  esters  exhibit  only 
one  discontinuity  in  the  UV -absorption  curve  in  the  235-245  mp  region.  Comparison  of  these  data  allows  the  con¬ 
clusion  that  the  long-wave  absorption  peak  in  the  UV-spectrum  of  anhydrides  (I)  is  present  in  compounds  classified 
as  having  a  A^-double  bond  and  the  CO-bond  of  the  anhydride  ring  in  their  structure.  The  absence  of  this  peak  in 
the  spectra  of  acids  (II)  and  their  esters  is  connected,  apparently,  to  steric  interference  with  coplanarity  of  the  A*- 
double  bond  and  the  CO-bond  of  the  carbonyl  group  [1]  in  these  compounds. 
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Comparison  of  the  UV-absorption  spectra  of  anhydrides  (IV)-(VI)  in  turn  shows  that  introduction  of  a  second 
formally  isolated  double  bond  into  the  A^-position  of  anhydride  (V)  leads  not  only  to  displacement  of  the  absorption 
peak  characteristic  for  anhydride  (V)  into  the  longer-wave  region  but  also  to  appearance  of  a  new  peak  of  appreciable 
intensity.  As  a  result  of  the  systematic  study  of  UV -absorption  spectra  of  all  the  previously -prepared  compounds  [1,  2] 
we  established  that  they  all  contain  an  absorption  peak  in  the  region  235-245  mp  (Table  1). 

The  anomalous  UV -spectra  of  the  anhydrides  considered  is  caused,  apparently,  by  the  presence  of  non-classical 
electronic  interactions  between  the  formally  isolated  C  =  C  bonds  in  their  molecules.  This  interaction  also  occurs, 
if  only  to  a  small  extent,  in  the  molecules  of  corresponding  acids  and  esters  is  shown  in  their  UV-spectra  by  a  dis¬ 
continuity  in  the  235-245  mp  region  of  the  absorption  curve.  The  possible  existence  of  such  a  side -effect  of  con¬ 
jugation  was  previously  noted  in  the  literature  and  was  used  to  explain  the  anomally  found  in  the  UV-absorption 
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TABLE  1.  UV -Absorption  Spectra  of  Isomeric  Cyclohexadiene-l,2-DicarboxyUc  Acids  and  Their  Anhydrides 


TABLE  2.  Characteristic  Absorption  for 
Methyl-  and  Dimethyl-  A**^-Cyclohexa- 
diene-l,2-dlcarboxyllc  Anhydrides  In  the 
1700-1600  cm"*  Region 
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Fig.  1.  IR -spectra  for  anhydrides  of  A*-(V)  and  A^-cyclo- 
hexen-(IV)  and  A*’*-cyclohexadiene -1,2 -dlcarboxylic  acids 
(VI)  (taken  on  IKS -12  spectrograph  with  NaCl  prism,  1*^  so¬ 
lution  in  chloroform). 


spectra  of  ketones  in  the  cyclodecene  series  [4-6],  as  well  as  for  ketones  and  esters  of  the  A*’^-cyclohexadIene 
monocarboxylic  acid  and  bicycloheptadiene  series  [7-9].  The  recently  recorded  ability  of  bicyclo(2,2,0)heptadiene- 
2,5  to  enter  into  the  diene  synthesis  in  the  role  of  "diene  component"  [10,  11]  serves  as  definite  chemical  con¬ 
firmation  for  the  presence  of  such  an  effect. 


Fig.  2.  IR-spectra  for  the  anhydride  (I)  and  diester  of  A^*®- 
cyclohexadiene-l,2-dicarboxylic  acid  (2). 


The  UV -spectra  of  isomeric  A^®-dicarboxylic  acids  (III)  and  their  anhydrides  exhibit  only  one  normal  ab¬ 
sorption  band,  corresponding  to  a  system  of  conjugated  double  bonds  (Table  1).  As  is  seen  from  the  data  in  Table  1, 
the  differences  recorded  in  the  absorption  spectra  for  A*'^-  and  A^’® -anhydrides  is  somewhat  specific,  and  can  be 
used  as  a  method  for  structural  proof. 

With  the  intention  of  further  studying  the  effects  of  double  bond  conjugation  in  the  A*’^-cyclohexadiene-l,2- 
dicarboxylic  acid  series  we  took  the  IR-absorption  spectra  of  type  (I)  anhydrides  in  the  1900-1500  cm"*  region,  where 
C  =  C  and  C  =  O  valence  vibrations  are  generally  found.  Comparison  of  the  IR-absorption  spectra  of  A*-  and  A^- 
cyclohexene-l,2-dicarboxyllc  anhydrides  with  spectra  of  A*’^-cyclohexadiene-l,2-dicarboxylic  anhydrides  allowed 
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discovery  of  a  characteristic  five-membered  anhydride  ring  absorption  band  at  1788-1770  cm'^  and  1855-1850  cm"* 
[12]  in  all  of  these  anhydrides.  The  existence  of  spectral  differences  among  tliese  anhydrides  was  observed  in  the 
1700-1600  cm'*  region,  where  carbon- carbon  double  bond  valence  vibrations  generally  show  a  band  (Fig.  1). 

As  is  seen  from  Fig.  1,  the  A^-anhydride  does  not  exhibit  absorption  of  marked  intensity  in  this  region,  while 
the  A*-anhydride  under  comparable  conditions  has  an  absorption  maximum  at  1668  cm"*,  i.e.,  in  the  region  chare - 
teristic  for  carbon -carbon  double  bonds  conjugated  with  a  carbonyl  group  [12].  In  contrast  to  this,  A**^-cyclo- 
hexadiene-l,2-dicarboxylic  anhydride  has  two  absorption  bands  in  this  region  (yimax  1687  cm'*;  y2max  1640  cm'*); 
the  corresponding  diester  has  the  same  absorption  character. 

The  presence  of  two  absorption  bands  in  the  1700-1600  cm'*  region  is  characteristic  of  all  previously -de - 
scribed  [1,  2]  methyl-  and  dimethyl- A*’^-cyclohexadiene-l,2-dicarboxylic  anhydrides  (Table  2)  and  can  serve  along 
with  the  UV -absorption  spectra  considered  above  as  a  convenient  criterion  for  identifying  derivatives  of  cyclo- 
hexadienecarboxylic  acid  with  A*’^-double  bond  systems. 

In  contrast  to  the  system  with  A*’^-position  of  double  bonds  the  anhydride  and  diester  of  A^’®-cyclohexadiene- 
1,2-dicarboxylic  acid  have  only  one  absorption  band  in  the  1700-1600  cm'*  region.  Besides  this  they  exhibit  in¬ 
tense  absorption  in  the  1580  cm'*  region.  Characteristics  of  their  spectra  are  given  in  Fig.  2. 

The  IR-absorption  spectra  presented  above  for  compounds  with  A^® -placement  of  endocyclic  double  bonds  are 
additional  criteria  for  identifying  isomeric  cyclohexadiene-l,2-dicarboxylic  acids  and  their  derivatives. 

SUMMARY 

Characteristic  rules  for  IR-  and  UV-spectra  of  methyl-  and  dimethyl -A*’^-  and  A^*®-cyclohexadiene-l,2- 
dicarboxylic  anhydrides  and  dimethyl  esters  which  can  be  used  for  spectral  identification  of  cyclohexadiene  systems 
with  A*’  -  and  A'*’® -position  of  the  double  bonds  were  established. 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 
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Amino  alcohols  of  the  aliphatic,  aromatic,  alicyclic  and  heterocyclic  series  are  physiologically  active  and 
some  of  them  have  been  used  as  hypotensive  agents.  Rice  and  his  co-workers  [1]  showed  that  amino  alcohols  of  the 
cyclohexane  series  (I)  have  a  marked  hypotensive  effect.  Investigating  the  effect  of  structure  on  the  hypotensive 
activity  of  various  N -substituted  derivatives  of  perhydroisoindole,  they  established  that  the  presence  of  1,4-endoxy 
bridge  in  the  cyclohexane  ring  reduces  markedly  the  toxicity  and  increases  the  hypotensive  activity  [2],  The  meth- 
iodide  of  N-dimethylamino-4-methyl-4,7-endoxyperhydroisoindole  has  been  recommended  for  practical  use  [3]. 

In  this  work  we  synthesized  amino  alcohols  of  the  endoxocyclohexane  series,  with  the  general  formula  (V):  the 
reaction  of  the  anhydride  of  exo-3,6-endoxyhexahydrophthalic  acid  with  secondary  amines  led  to  the  corresponding 
monoamides  of  this  acid  (II),  which,  however,  could  not  be  obtained  in  the  analytically  pure  state  because  they  hy¬ 
drolyze  extremely  readily  to  the  corresponding  monoammonium  salts  (III).  When  dissolved  in  water  and  evaporated 
on  a  watch  glass  the  monoamides  (II)  pass  over  to  the  corresponding  monoammonium  salts  (Ill).  Therefore,  even  if 
only  traces  of  moisture  are  present  in  the  reaction  mixture  the  monoamides  are  obtained  as  a  mixture  with  the  cOTre- 
spending  monoammonium  salts,  which  complicates  markedly  the  synthesis  of  monoamides;  for  comparison,  we  ob¬ 
tained  these  salts  separately. 
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Mel’nikov  and  Kraft  [4]  described  N,N-diethyl-oxa-cis-3,6-endoxyhexahydrophthalamic  acid  (11b)  and  noted 
that  it  does  not  have  a  herbicidal  activity.  However,  a  comparison  of  the  melting  points  of  the  compounds  we  ob¬ 
tained  witlf  the  melting  point  indicated  in  [4]  leads  to  the  conclusion  that  in  actual  fact  these  authors  were  dealing 
with  the  corresponding  ammonium  salt  (lllb)  or  a  preparation  containing  a  preponderant  amount  of  the  latter. 

Reduction  of  the  monoamides  (II)  by  lithium  aluminum  hydride  to  the  corresponding  amino  alcohol  (V)  could 
not  be  achieved  in  ether  or  in  tetrahydrofuran  or  dibutyl  ether.  Therefore  we  reduced  the  monomethyl  esters  of 
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monoamido-oxa-3,6-endoxyhexahydrophthalic  acid  (IV),  which  were  obtained  by  methylating  the  monoamides  (II) 
with  diazomethane.  Methylation  of  the  corresponding  ammonium  salts  (III)  led  to  tlie  cis-dimethyl  ester  of  3,6- 
endoxyhexahydrophthalic  acid  (VI),  admixture  of  which  with  the  monomethyl  ester  of  monoamide  (IV)  would  be 
undesirable  because  the  products  of  its  reduction  are  difficult  to  separate  from  the  corresponding  amino  alcohol.  An 
admixture  of  the  dimethyl  ester  (VI)  is  most  conveniently  determined  by  a  physiological  sample  because  It  has  a 
marked  blister -producing  effect  on  skin,  with  an  incubation  period  of  about  10-12  hours  [5],  It  is  of  interest  that 
neither  4-hydroxy  [6]  nor  4,5-epoxy  [7]  substituted  analogs  of  cis-dimethyl  ester  have  a  blister -producing  effect, 
whereas  the  trans -dimethyl  ester  of  3,6-endoxyhexahydrophthalic  acid  has  such  an  effect. 

When  reduced  by  lithium  aluminum  hydride  in  ether,  monocstermonoamides  (IV)  readily  give  the  corresponding 
amino  alcohols  of  the  3,6-endoxycyclohexane  series  (V),  substituted  at  tlie  nitrogen  atom;  these  are  obtained  in  the 
form  of  colorless  viscous  liquids  with  yields  from  63  to  81°Jo.  The  methiodides  of  these  amino  alcohols,  obtained  by 
boiling  with  excess  methyl  iodide,  are  white  hygroscopic  substances. 

Since  in  the  presence  of  admixture  of  the  dimethyl  ester  of  3,6-endoxyhexahydrophthalic  acid  (VI)  the  amino 
alcohols  (V)  obtained  were  contaminated  by  its  reduction  products,  we  investigated  the  reduction  of  (VI)  separately 
under  different  conditions. 


In  [8]  it  is  indicated  that  when  the  dimethyl  ester  of  3,6-endoxyhexahydrophtlialic  acid  (VI)  is  reduced  by 
lithium  aluminum  hydride  in  ether,  only  one  carbomcthoxyl  group  is  reduced,  and  complete  reduction  is  only  ob¬ 
tained  in  tetrahydrofuran.  However,  we  found  that  in  an  ether  solution  under  the  conditions  of  the  reduction  of 
monoester -monoamides  (IV)  the  reaction  takes  place  with  the  formation  of  the  corresponding  diol,  1,2-dimethylol- 
3,6-endoxycyclohexane  (VII),  and  that  the  course  of  the  reduction  of  the  dimethyl  ester  of  3,6-endoxyhexahydro¬ 
phthalic  acid  (VI)  is  independent  of  the  choice  of  solvent  if  an  excess  of  lithium  aluminum  hydride  is  used  and 
reduction  is  carried  out  for  a  long  time. 

EXPERIMENTAL 

()xa-cis-3,6-endoxyhcxahydtophthalamic  acids.  0.1  g-mole  of  the  anhydride  of  3,6-endoxyhexahydrophthalic 
acid  was  dissolved  in  100  ml  of  anhydrous  benzene  in  a  flask  with  a  reflux  condenser  and  0.11  g-mole  of  secondary 
amine,  distilled  over  sodium,  was  added;  the  mixture  was  boiled  for  half  an  hour  and  was  allowed  to  stand  at  room 
temperature  for  10  days.  Monoamides  (Ilb-d),  precipitated  in  crystalline  form,  were  filtered.  Monoamide  (Ha)  was 
obtained  as  an  oil  when  the  solvent  was  distilled.  The  yield  was  quantitative. 

Monoammonium  salts  of  oxa-cis-3,6-endoxyhcxahydrophthalic  acid  (Illa-d).  1  g  of  the  anhydride  of  3,6- 
endoxyhexahydrophthalic  acid  was  dissolved  in  a  mixture  of  10  ml  of  dioxane  and  5  ml  of  water  in  a  flask  with  a 
reflux  condenser;  the  mixtiuc  was  boiled  for  1  hour,  an  equimolccular  amount  of  secondary  amine  was  added  and 
it  was  left  overnight.  The  melting  points  and  analytical  data  of  the  compounds  obtained  are  given  in  Table  1. 

Methyl  esters  of  oxa-cis-3,6-endoxyhexahydrophdialamic  acids  (IVa-d).  0.1  g-mole  of  the  corresponding 
monoamino  acid  (II)  was  added  in  small  amounts  with  constant  stirring  to  an  ether  solution  of  diazomethane 
excess).  When  liberation  of  nitrogen  had  ceased  the  ether  was  evaporated  and  the  residue  was  crystallized  from 
petroleum  ether.  The  yield  was  quantitative.  The  constants  of  the  compounds  obtained  are  given  in  Table  2. 

The  dimethyl  ester  of  oxa-cis-3,6-endoxyhexahydrophthalic  acid  was  obtained  by  methylating  the  monoam¬ 
monium  salts  (III)  by  the  above -indicated  method.  The  m.p.  was  75"  (from  petroleum  ether). 

Found  <70:  C  56.20,  56.27;  H  6.77,  6.96.  C10H14O5.  Calculated  C  56.07;  H  6.59. 

Literature  data:  m.p.  80-85"  [5],  76"  [9]. 

Reduction  of  the  methyl  esters  of  oxa-cis-3.6-endoxy-N,N-dialkylhexahydrophthalamic  acids.  0.1  g-mole 
of  finely  ground  (IVa-d)  in  powdered  form  was  added  in  portions  to  a  stirred  1  N  ester  solution  of  lithium  aluminum 
hydride  (150^o  excess);  it  was  boiled  for  50  hours,  decomposed  with  the  calculated  amount  of  water  and  the  mixture 
was  extracted  with  boiling  chloroform;  the  solvent  was  driven  off  and  the  residue  was  distilled  und  ;  vacuum. 

C)xa-cis-l-methylol-2-dimethylaminomethyl-3,6-endoxycyclohexane.  12.5  g  (68%)  was  obtained  in  the  form 
of  a  viscous  oil. 

B.p.  82"  (0.3  mm),  nj}  1.4873. 

Found  %:  C  64.75,  64.93;  H  10.30,  10.35.  CjoHigOjN.  Calculated  %:  C  64.82;  H  10.33. 
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TABLE  1.  N,N-DIalkyl  Monoammonium  Salts  of  3,6-EndoxyhexahydrophthalIc  Acid  (III) 


Name  of  the  N,N -dialkyl 
amino  group  and  formula  of  the 
salt 

1  */•  C  1 

1  •/.  H 

found 

9 

found 

calcu¬ 

lated 

Dlmethylamino  CjoUpOsN 

152-153° 

52.17,52.19 

51.93 

7.57. 7.52 

7.41 

Diethylamino  CijHjiOsN 

136-137 

55.65.55.59 

55.58 

8.02. 8.19 

8.16 

PIperidIno  CnH2iOsN 

146 

57.60, 57.60 

57.54 

7.89, 7.83 

7.80 

Morpholino  C,2H,nDeN 

157 

52.58, 52.43 

52.73 

6.98, 6.92 

7.00 

TABLE  2.  Methyl  Esters  of  3,6-Endoxy-N,N-Dialkylhexahydrophthalamic  Acids  {IWf 


Name  of  N,N -dialkyl  amino 
group  and  formula  of  the  ester 

Melting 

point 

•/.  c  1 

•/,  H 

found 

calcu¬ 

lated 

found  1 

calcu¬ 

lated 

Diethylamino-Cnn2|04N  | 

8t° 

61.51,61.29 

61.16 

8.53. 8.50 

8.29 

Piperidino-  C,4H2|04N 

62.69,  62.74 

62.93 

8.09,  7.90 

7.91 

Morpholino-CisHjpOr.N 

136 

58. 11.. 58. 18 

57.97 

1 

7.13.7.20 

7.11 

*  The  diethylamino  ester  was  obtained  as  an  oil  and  was  used  in  the  reaction  wi^out 
additional  purification. 

Methiodide,  m.p.  164-165". 

Found  1o:  C  40.60,  40.29;  H  6.97,  7.12.  CnHzjO^NI.  CalcuUted  °h:  C  40.37;  H  6.77. 

Oxa-cis-l-methylol-2-diethylaminomethyl -3,6 -endoxy cyclohexane.  17.0  g  (80^o)  was  obtained  In  the  form 
of  a  viscous  oil. 

B.p.  92"  (0.3  mm),  np  1.4858,  d^®  1.0242,  MRp  59.77;  calc.  60.32. 

Found  1o:  C  67.67,  67.46;  H  10.92,  10.92.  CbHzsO^N.  Calculated  1o:  c  67.56;  H  10.87. 

Methiodide,  m.p.  132-132.5"  (washed  with  acetone). 

Found ‘Vo:  C  43.76,  44.03;  H  7.23,  7.22.  CoHjeOzNI.  Calculated  C  43.95;  H  7.38. 

Oxa-cis -1-methylol -2 -piperidinomethyl-3, 6 -endoxy cyclohexane.  We  obtained  19,6  g  (S'fJo)  in  the  form  of 
a  viscous  oil. 

B.p.  120-123"  (0.3  mm),  nfj  1.5049. 

Found‘d:  C  69.74,  69.56;  H  10.34,  10.55.  CbHjsOjN.  Calculated‘S:  C  69.29;  H  10.28. 

Methiodide,  m.p.  121-122"  (washed  with  acetone). 

Found  “S;  C  45.81,  45.97;  H  7.40,  7.50.  C14H26O2NI.  Calculated  ‘7o:  C  45.78;  H  7.13. 

Oxa-cis-l-methylol-2-morpholinomethyl-3,6-endoxycyclohexane.  14.3  g  (63‘S)  was  obtained  in  the  fam  of 
a  very  viscous  oil. 

B.p.  133"  (0.3  mm),  nf?  1.5080. 

Found  C  63.54,  63.67;  H  9.40,  9.39.  CbH2iPjN.  Calculated'S:  C  63.49;  H  9.31. 
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Methiodide,  m.p.  205*  (with  decomp.). 

Founder  C  42,12,  42.29;  H  6.44,  6.59.  CCH24O3NI.  Calculated  *70:  C  42.28;  H  6.56. 

Oxa -cis-1, 2 -dimethylol -3, 6 -endoxy cyclohexane.  11  g  with  a  m.p.  of  62*  *  was  obtained  by  the  above- 
indicated  method. 

Bis-phenylurethan.  1.4  g  of  diole  and  1.8  ml  of  phenyl  isocyanate  was  boiled  for  10  minutes  on  an  oil  bath; 
the  m.p.  was  170-171*  (from  benzene). 

Found  *70;  C  66.89,  66.78;  H  6.30,  6.28.  C22H2405N2.  Calculated®/'’:  C  66.65;  H  6.10. 

SUMMARY 

Reduction  of  the  methyl  esters  of  oxa-cis-3,6-endoxyhexahydrophthalamic  acids  by  lithium  aluminum  hydride 
may  serve  as  a  convenient  method  of  synthesizing  oxa-cis-l-methylol-2-N,N-dialkylaminomethyl-3,6-endoxy- 
cyclohexanes. 
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All  abbreviations  of  periodicals  in  the  above  biblio(>raphy  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  Endliah  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


•  Literature  data:  m.p.  104*  [8],  m.p.  62.5*  [9]. 
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REACTIONS  OF  AROMATIC  NITRO  COMPOUNDS 
XI.  INVESTIGATION  OF  THE  RE -ESTERIFICATION  REACTION 
BY  THE  ISOTOPIC  METHOD 

S.  S.  Gitis,  M.  O.  Teres likevich,  L.  I.  Garus, 

A.  I.  Glaz,  and  O.  K.  Skarre 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 

pp.  2902-2904,  September,  1961 

Oiginal  article  submitted  October  10,  1960 


An  investigation  of  the  re -esterification  of  alkyl  esters  of  2,4-dinitrophenyl  by  means  of  labeled  atoms  makes 
it  possible  to  determine  how  alkyl  radicals  in  dinitro  esters  are  replaced.  The  re -esterification  process  may  be  rep 
resented  in  general  form  as  follows: 


NO2 


4-  HOK 


f-  no>8K 


(II) 


To  prove  which  one  of  these  paths  the  process  takes,  we  investigated  the  re -esterification  of  dinitroanisole  to 
dinitrophenetole  by  means  of  ethyl  alcohol  containing  a  heavy  oxygen  isotope.  The  results  of  the  investigations 
showed  that  2, 4 -dinitrophenetole  containing  the  heavy  oxygen  isotope  is  always  formed  in  this  reaction.  There¬ 
fore  the  re -esterification  reaction  takes  place  according  to  system  (I),  which  again  confirms  the  mechanism  of  the 
reaction,  including  the  formation  of  an  intermediate  product  of  the  quinol  type  [1,  2]. 

The  data  of  the  investigations  makes  it  possible  to  conclude  that  the  re -esterification  reaction  may  serve  as 
an  easy  and  convenient  method  of  obtaining  dinitro  esters  with  a  labeled  oxygen  atom. 

It  was  previously  established  [3,  4]  that  small  amounts  (lO-lS^yo)  of  2,4-dinitrophenol  are  formed  together  with 
esters  of  2,4-dinitrophenol  during  the  process  of  the  re -esterification  reaction.  Naturally,  the  investigation  of  the 
hydrolysis  reaction  of  alkyl  esters  of  2,4-dinitrophenol  was  of  great  interest.  For  this  purpose,  2,4-dinitrophenol  con¬ 
taining  a  heavy  oxygen  isotope  was  subjected  to  alkaline  hydrolysis. 

Hydrolysis  of  the  ester  may  be  accompanied  either  by  removal  of  0^®(^H5  or  (DjHs*  The  investigations  estab¬ 
lished  that  the  liberated  alcohol  contains  all  the  (D^®  isotope;  therefcare  the  0^®(32H5  group  is  removed  during  the  process 
of  hydrolysis,  i.e.,  hydrolysis  takes  place  at  the  point  of  rupture  of  the  Ar-O  bond. 

It  is  interesting  to  note  that  when  the  alcohol  containing  a  heavy  oxygen  isotope  is  burnt,  the  latter  is  con¬ 
verted  entirely  to  water.  For  this  reason  it  may  be  assumed  that  the  first  stage  of  the  oxidation  of  the  alcohol  is  the 
formation  of  a  molecule  of  water  by  the  hydroxyl  group  and  the  hydrogen  atom  combined  with  the  carbon  atom  of 
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gether  with  air  over  cupric  oxide  at  700-800°.  The  alcohol  was  oxidized  to  carbon  dioxide  and  water.  The  water 
was  frozen  in  special  traps,  and  the  carbon  dioxide  was  absorbed  by  a  concentrated  solution  of  caustic  potash.  After 
careful  purification  the  water  was  investigated  by  the  densimetric  method.  The  excess  density  was  76  y ,  and  the 
dilution  was  76  y  •  3  =  228  y  .*  The  solution  of  caustic  potash  which  had  absorbed  the  carbon  dioxide  was  boiled 
for  a  long  period,  after  which  the  water  was  distilled  from  it.  Analysis  of  this  water  by  the  densimetric  method  showed 
the  absence  of  an  excess  amount  of  heavy  oxygen  isotope. 

SUMMARY 

1.  By  means  of  labeled  atoms  it  was  shown  that  the  process  of  re-esterification  of  alkyl  esiers  of  2,4-dinitro- 
phenetole  takes  place  with  rupture  of  the  Ar-O  bond. 

2.  It  was  established  that  the  OC2H5  group  is  removed  during  the  hydrolysis  of  2,4-dinitrophenetole. 

3.  2,4-Dinitrophenetole  labeled  with  heavy  oxygen  was  synthesized. 

4.  It  was  shown  that  the  alcohol  may  be  analyzed  for  the  heavy  oxygen  content  by  subjecting  it  to  reduction 
or  oxidation. 
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*  The  concentration  of  heavy  oxygen  isotope  in  it  was  three-fold  less  than  in  the  water  obtained  after  reduction  of 
the  alcohol  because  as  a  result  of  the  oxidation  reaction,  the  water  is  diluted  three -fold. 

C,H,0“H+302  2CO,+  H,0*»+2H,0 
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PEROXIDE 


Yu 

,  A  .  Ol’dekop,  A  . 

N.  Sevchenko 

G. 

S.  Bylina,  and  A. 

P.  El'nitskii 

V.  I.  Lenin  Belorussian  State  University 
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As  is  known,  unsymmetrical  diacyl  peroxide  are  obtained  by  reacting  peracids  with  the  acyl  chlorides  of  acids 
[1,  2],  For  unsymmetrical  acetylbenzoyl  peroxide  there  is  another  method  of  preparation,  consisting  in  oxidation  of 
a  mixture  of  benzaldehyde  and  acetic  anhydride  by  air  [3-5],  In  view  of  the  fact  that  acetylbenzoyl  peroxide  is  of 
interest  as  a  polymerization  initiator,  the  oxidation  of  benzaldehyde  in  acetic  anhydride  was  investigated  in  detail 
[6],  high  yields  of  peroxide  being  obtained.  Although  the  oxidation  of  aldehydes  in  the  presence  of  acetic  anhydride 
has  been  studied  by  many  investigators  [7]  we  are  the  first  to  have  proposed  the  use  of  the  oxidation  of  aldehydes  in 
the  presence  of  acid  anhydrides  as  a  general  method,  suitable  for  the  synthesis  of  unsymmetrical  diacyl  peroxides.  In 
a  previous  report  [8],  we  described  four  unsymmetrical  diacyl  peroxides  obtained  by  this  method. 

In  the  present  work  it  was  shown  that  unsymmetrical  diacyl  peroxides  are  obtained  with  high  yields  by  oxidation 
with  air  (oxygen)  of  homologs  and  substituted  benzaldehydes.  In  a  similar  way,  when  aliphatic  aldehydes  (n-butyric 
and  isovaleric)  in  acetic  anhydride  are  oxidized  they  give  acetyl-n-butyryl  and  acetylisovaleryl  peroxides,  also  with 
high  yields. 


H_C— O— 0— C— ir  f  UT.OOII 

I,  J 


H=n  -C,H.;  iSO-G,H,:  C-H,;  o-.m-,  p-CH,C.,H,; 

o-,m-.n  CICJI.. 

H' =  CHj.  rt-c,HT,  cicn, 


Oxidation  was  carried  out  in  two  ways:  by  air  in  a  circulating  system,  and  by  oxygen  in  a  closed  system.  In 
the  circulating  system,  apparatus  similar  to  that  used  in  [6]  was  employed.  The  temperature  of  the  experiment  varied 
from  20-25°  in  the  case  of  aliphatic  aldehydes,  to  40-50°  for  aromatic  aldehydes.  The  reaction  was  carried  out  in 
diffuse  light  or  with  irradiation  by  an  electric  lamp  (50-75  W).  The  yield  of  peroxide  did  not  increase  with  an  in¬ 
crease  in  the  amount  of  anhydride.  Anhydrous  sodium  acetate  or  calcium  carbonate  was  used  as  a  catalyst  for  the 
reaction.  The  yields  of  peroxides  obtained  with  sodium  acetate  were  generally  somewhat  higher  than  with  calcium 
carbonate;  furthermore,  considerably  less  sodium  acetate  is  required.  During  synthesis  with  propionic  anhydride, 
replacement  of  sodium  acetate  by  sodium  propionate  did  not  improve  the  yield  of  peroxide.  Diacyl  peroxide  was 
checked  to  see  whether  it  contained  acyl  hydroperoxide  [9],  which  was  generally  absent. 

When  air  was  passed  at  high  rates,  appreciable  evaporation  of  the  anhydride  (in  the  presence  of  non-volatile 
aldehyde)  was  observed;  therefore  some  of  the  experiments  were  carried  out  in  a  closed  system  with  oxidation  by 
oxygen  and  simultaneous  stirring.  The  use  of  a  closed  system  was  particularly  favorable  in  the  case  of  volatile  al¬ 
dehydes  as  well.  In  this  case,  oxidation  may  also  be  checked  by  recording  the  amount  of  absorbed  oxygen.  For  the 
rest,  oxidation  by  oxygen  does  not  have  advantages  compared  with  oxidation  by  air  in  a  circulating  system. 

The  peroxides  obtained  were  liquid  or  solid  substances  with  a  characteristic  rather  pungent  "peroxide"  odor. 
Peroxides  of  the  aliphatic  series  (acetyl-n-butyryl,  acetylisovaleryl)  and  of  the  aromatic  series  (acetyl-o-methyl- 
benzoyl,  acetyl -2,4 -dimethylbenzoyl,  acetyl -o-chlorobenzoyl,  propionylbenzoyl,  propionyl-m-chlorobenzoyl,  n- 
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butyrylbenzoyl  and  monochloroacetylbenzoyl)  were  liquid.  The  other  peroxides  were  solid  substances  with  a  low 
melting  point.  The  solid  peroxides  were  readily  isolated  and  were  obtained  with  a  high  degree  of  purity  after  1-2 
recrystallizations.  Liquid  peroxides  of  the  aromatic  series  were  generally  subjected  to  additional  purification  by 
treatment  with  nitric  acid;  however,  in  this  case,  too,  they  remained  less  pure  than  the  solid  peroxides. 

Peroxides  of  the  aliphatic  series  explode  violently  when  introduced  into  the  flame  of  a  burner.  However, 
spontaneous  explosions  were  not  observed  during  distillation  or  when  the  substance  was  kept  for  long  periods.  Aro¬ 
matic  peroxides  have  a  less  explosive  character. 


Fig.  1.  Infrared  transmission  spectra  of  organic  peroxides:  1) 
Acetyl-m-methylbenzoyl;  II)  acetyl -o-chlorobenzoyl;  III) 
propionyl-m-chlorobenzoyl;  IV)  n -butyrylbenzoyl. 


Aliphatic  peroxides  are  stable  on  keeping.  Thus,  when  acetyl-n-butyryl  peroxide  was  kept  for  4  months  at  a 
temperature  of  1-2°,  it  lost  only  'fJo  of  its  activity,  and  under  the  same  temperature  conditions  acetylisovaleryl  per¬ 
oxide  retained  its  initial  activity  when  kept  for  2  months.  Solid  aromatic  peroxides  are  stable  when  kept  for  long 
periods,  even  at  room  temperature.  Acetyl -p-methoxybenzoyl  peroxide  decomposes  somewhat  when  kept  for  long 
periods  at  room  temperature,  liquid  aromatic  peroxides  are  less  stable  and  decompose  when  kept  for  long  periods 
at  room  temperature,  the  least  stable  being  those  containing  QHsCCXD-,  n-CsHyCOO-  and  particularly  CICH2COO- 
groups.  When  propionyl -benzoyl  and  monochloroacetyl -benzoyl  peroxides  were  kept  for  long  periods  or  treated  with 
soda,  a  symmetrical  product  was  observed,  the  formation  of  a  symmetrical  peroxide  -  benzoyl  peroxide  -  being  proven 
in  both  cases. 

When  benzaldehyde  was  oxidized  in  the  presence  of  benzoic  anhydride,  peroxide  formation  was  slight. 

When  an  attempt  was  made  to  oxidize  m-nitrobenzaldehyde,  p-nitrobenzaldehyde  and  p-dimethylamino- 
benzaldehyde  in  the  presence  of  acetic  anhydride,  fOTmation  of  peroxides  was  not  observed. 

For  peroxides  2,  6,  11,  12,  13  and  14  (see  table),  infrared  spectra  in  the  region  of  transmission  of  an  NaCl  prism 
were  obtained  with  an  IKS-14  infrared  spectrophotometer.  0.1  M  solutions  of  peroxides  in  CCI4,  using  a  thickness 
of  the  absorbent  layer  of  0.25  mm,  were  investigated  (Figs.  1  and  2). 

An  interpretation  of  the  infrared  spectra  of  peroxides  3,  5,  7  and  8  was  given  in  [8],  and  of  peroxides  1,  4  and 
9  in  [10].  The  infrared  spectra  of  the  aromatic  peroxides  differ  from  the  spectra  of  the  aliphatic  peroxides  although 
they  have  much  in  common  and  have  a  whole  series  of  characteristic  bands.  A  weak  b^nd  at  845-860  cm‘^  is  ob¬ 
served  in  the  spectra  of  all  the  peroxides,  whereas  the  intense  band  in  the  1000-1030  cm‘^  region  is  contained  only 
in  the  spectra  of  peroxides  2,  6,  10,  11  and  12  (Fig.  1,  curves  I,  II,  III  and  IV;  Fig.  2,  curve  1).  The  authors  of  [11,  12] 


2707 


I 


consider  that  the  above-mentioned  bands  are  characteristic  of  vibrations  of  the  O  -  O  group  of  aliphatic  and  aromatic 
peroxide  compounds.  An  Intense  band  at  1020-1050  cm*'  Is  also  observed  In  the  spectra  of  the  latter.  The  Intensity 
and  position  of  Its  maximum  depend  on  the  character  and  position  of  the  substituent  In  the  ring.  The  presence  of 
this  band  is  evidently  due  to  non -planar  vibrations  of  the  benzene  ring.  In  the  spectra  of  peroxides  14  and  13  (Fig.  2, 
curves  II,  III  and  IV)  In  this  region  of  the  spectrum  (1050-1060  cm"')  there  is  only  one  Intense  absorption  band.  A 
very  Intense  band  with  a  maximum  at  1170-1175  cm"'  is  observed  in  the  spectra  of  peroxides  2,  6,  14  and  13  (Fig.  1, 
curves  I  and  II,  Fig.  2,  curves  II,  III  and  IV).  In  this  region,  absorption  is  absent  in  the  spectra  of  peroxides  10,  11 
(Fig.  1,  curves  III  and  IV)  and  12  (Fig.  2,  curve  I). 

It  may  therefore  be  concluded  that  the  above-mentioned  frequency  must  be  attributed  to  vibrations  of  the 
C-CIls  group  at  the  end  of  the  chain.  For  aromatic  peroxides  the  Introduction  of  a  CH2  ot  CM2CI  group  alters  the 
frequency  of  the  vibrations,  and  in  this  region  of  the  spectrum  three  weak  bands,  similar  to  the  bands  of  the  spectrum 
of  compounds  of  the  paraffin  series,  are  observed.  For  peroxides  14  and  13  (Fig.  2,  curves  II,  III  and  IV),  in  this 
region  of  the  spectrum  there  is  also  an  intense  band  with  a  maximum  at  1145-1160  cm"'. 


Fig.  2.  Infrared  transmission  spectra  of  organic  peroxides:  1) 
Monochloroacetylbenzoyl;  II)  acetylisovaleryl;  III  and  IV) 
acetyl-n-butyryl  (explanation  in  text). 


In  all  the  spectra  of  aromatic  peroxides  a  very  intense  absorption  band  is  observed  in  the  1220-1260  cm"'.  It 
is  absent  in  the  spectra  of  solutions  of  the  initial  aldehydes  and  anhydrides.  It  may  be  assumed  that  this  band  and  the 
1000-1030  cm"'  band  are  characteristic  of  vibrations  of  a  chain  of  the  C  -  O  -  C  type  of  the  given  class  of  compounds. 

The  vibrations  of  such  a  chain  in  aliphatic  peroxides  are  probably  due  to  the  appearance  of  bands  at  1060  and  1145- 
1160  cm"'.  For  peroxides  2,  6,  10,  11,  14  and  13  there  are  weak  absorption  bands  in  the  1300-1480  cm"'  region, 
with  maxima  at  1350-1370,  1440-1450  and  1460-1470-cm"',  which  are  also  observed  in  the  spectra  of  the  initial 
aldehydes  and  anhydrides  and  may  be  attributed  to  symmetrical  and  unsymmetrical  deformation  vibrations  of  the 
C  -  CH3  and  CH2  groups.  For  peroxide  12  (Fig.  2,  curve  I)  in  this  region  of  the  spectrum  there  are  three  absorption 
bands  with  maxima  at  1415,  1450  and  1547  cm"',  the  interpretation  of  which  is  difficult  on  existing  experimental 
data.  In  all  the  spectra  of  the  aromatic  peroxides  there  is  a  weak  band  at  1575-1630  cm"'.  It  is  present  in  the  spectra 
of  all  the  initial  aldehydes.  Although  small,  the  position  of  its  maximum  varies  in  relation  to  the  position  of  the 
substituent  in  the  ring.  It  must  be  attributed  to  vibrations  of  the  benzene  ring.  Two  intense  bands  in  the  1750-1820  cm"' 
region  are  present  in  the  spectra  of  all  these  peroxides  and  are  due  to  C  =  O  vibrations.  They  are  considered  charac¬ 
teristic  of  the  given  class  of  compounds.  The  difference  between  the  maxima  of  the  bands  in  the  spectrum  is  about 
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30-38  cm"^.  These  results  agree  satisfactorily  with  the  data  of  [13].  For  monochloroacetylbenzoyl  peroxide  (Fig.  2, 
curve  I)  the  intensity  of  the  band  with  a  maximum  at  1808  cm’^  falls  markedly,  which  indicates  the  considerable 
effect  of  the  chlorine  atom  on  the  vibrations  of  the  neighboring  carbonyl  group. 

Fig.  2  (curves  III  and  IV)  gives  the  spectra  of  acetyl-n-butyryl  peroxide  obtained  respectively  by  oxidation  of 
n-butyric  aldehyde  in  acetic  anhydride  and  acetylation  of  perbutyric  acid  by  acetic  anhydride.  Their  spectra  are 
identical. 

EXPERIMENTAL 

Initial  substances.  The  acetic  anhydride  was  kept  over  sodium  and  distilled  directly  before  the  experiment; 
the  b.p.  was  137-139°,  n^  was  1.3900.  Propionic  anhydride  was  obtained  by  distillation  of  propionic  acid  with  acetic 
anhydride  [14],  the  b.p.  was  166-167°,  n|)  was  1.4045.  Monochloroacetic  anhydride  was  obtained  by  slow  distillation 
of  monochloroacetic  acid  over  P2O5  in  vacuum  [15];  the  m.p.  was  49°.  n-Butyric  anhydride  was  obtained  by  dis¬ 
tillation  of  n-butyric  acid  and  acetic  anhydride  [16],  the  b.p.  was  187-191°,  nf)  was  1.4125.  The  benzaldehyde  was 
distilled  directly  before  the  experiment;  the  b.p.  was  51°  at  5  mm,  np  was  1.5463.  o-Methylbenzaldehyde  was  ob¬ 
tained  by  oxidation  of  o-xylene  by  chromyl  chloride  [17];  the  b.p.  was  49°  at  2  mm,  n^  was  1.5482.  m-Methyl- 
benzaldehyde  was  obtained  similiarly  from  m -xylene  [17];  the  b.p.  was  81-82°  at  13  mm,  np  was  1.5418.  p-Methyl- 
benzaldehyde  was  obtained  by  the  Gattermann-Koch  reaction  [18]  from  toluene;  the  b.p.  was  201-203°,  n?^  was  1.5470. 
2,4-Dimethylbenzaldehyde  was  obtained  in  a  similar  way  to  p-methylbenzaldehyde  from  m -xylene  [18];  the  b.p.  was 
63-64°  at  2  mm;  nf^  was  1.5495.  p-Methoxybenzaldehyde  was  distilled  directly  before  the  experiment;  the  b.p.  was 
101.5°  at  5  mm,  n^  was  1.5762.  o-Chlorobenzaldehyde  was  obtained  from  o-chlorotoluene  by  chlorination,  followed 
by  saponification  of  o-chlorobenzylidene  chloride  by  sulfuric  acid  [19];  the  b.p.  was  93°  at  13  mm,  n^  was  1.5670. 
m-Chlorobenzaldehyde  was  obtained  by  reducing  m -nitrobenzaldehyde  to  m-aminobenzaldehyde,  followed  by  di- 
azotiazation  of  the  latter  [20];  the  b.p.  was  81-83°  at  7  mm,  np  was  1.5633.  p-Chlorobenzaldehyde  was  obtained 

by  chlorination  of  p-chlorotoluene,  followed  by  saponification  of  p-chlorobenzylidene  chloride  with  sulfuric  acid 

20 

[21];  die  m.p.  was  47  .  n-Butyric  aldehyde  was  distilled  in  a  fractionating  column;  the  b.p.  was  75.5  ,  n|^  was  1.3831. 
Isovaleric  acid  was  distilled  twice  with  an  efficient  fractionating  column;  the  b.p.  was  92°,  was  1.3895.  Per¬ 
butyric  acid  was  obtained  from  n-butyric  acid  and  92^o  hydrogen  peroxide  [22];  the  b.p.  was  27-32.5°  at  13  mm;  np 
was  1.4138. 

Experimental  procedure.  The  peroxides  were  obtained  by  oxidation  of  o-methylbenzaldehyde,  2,4-dimethyl- 
benzaldehyde,  p-methoxybenzaldehyde,  m -chlorobenzaldehyde  and  p-chrlorobenzaldehyde  in  the  anhydride  of  the 
acid  by  air  in  the  presence  of  anhydrous  sodium  acetate  (0.1-0.2^o)  in  an  apparatus  similar  to  that  described  in  [6]. 

The  aldehyde  :  anhydride  molar  ratio  varied  with  wide  limits  (from  1  :  1.2  to  1  :  4).  The  air  velocity  varied  from 
0.25  to  1.5  liters  per  minute.  The  accumulation  of  peroxide  in  the  reaction  mixture  was  determined  iodometrically 
[23]  by  taking  samples  periodically  at  intervals  of  1-2  hours,  depending  on  the  rate  of  oxidation.  The  oxidation  of 
m-methylbenzaldehyde,  p-methylbenaldehyde,  o -chlorobenzaldehyde,  m -chlorobenzaldehyde,  benzaldehyde,  n- 
butyric  and  isovaleric  aldehyde  was  carried  out  in  a  sealed  vessel  by  oxygen,  the  reaction  mixture  being  mixed  by  a 
magnetic  stirrer.  The  reaction  was  carried  out  until  absorption  of  oxygen  had  ceased.  The  reaction  mixture  was 
poured  into  cold  water  and  left  for  a  day,  the  aqueous  layer  was  decanted,  the  residue  was  dissolved  in  ether,  the 
ether  solution  was  washed  with  a  dilute  solution  of  sodium  bicarbonate,  and  with  water,  and  was  then  dried  over 
sodium  sulfate.  After  the  ether  had  been  distilled,  the  residue  was  weighed  and  its  peroxide  content  was  determined. 
The  peroxide  yield  was  calculated,  on  the  basis  of  lOO^o. 

The  results  of  the  experiments  are  given  in  the  table. 

For  purification,  peroxides  1,  3,  9,  10  and  11  were  also  treated  with  nitric  acid  (1  :  1)  for  25-30  minutes,  poured 
into  cold  water,  extracted  with  ether,  washed  with  a  dilute  solution  of  alkali  (5®/o),  and  with  water  and  then  dried  over 
sodium  sulfate.  Peroxides  2,  3,  5,  7  and  8  were  purified  by  recrystallization  from  petroleum  ether;  peroxide  12  was 
frozen  at  -70°  from  a  mixture  of  petroleum  ether  and  ethyl  ether  (1  ;  1). 

To  confirm  the  structure  of  peroxide  13,  it  was  obtained  by  acetylation  of  perbutyric  acid.  3.00  g  of  acetic  an¬ 
hydride  was  added  dropwise  at  the  usual  temperature  to  2.00  g  of  perbutyric  acid  (82®7o).  After  12  hours,  water  was 
added  to  the  mixture  at  room  temperature  to  hydrolyze  the  anhydride;  the  peroxide  was  then  extracted  with  ether, 
washed  with  dilute  sodium  bicarbonate  and  dried  over  sodium  sulfate.  After  the  ether  had  been  distilled  under  vacu¬ 
um  we  obtained  1.66  g  (63.7^o)  of  90.0^o  acetyl-n-butyryl  peroxide.  The  peroxide  content  in  the  sample  after  dis¬ 
tillation  under  vacuum  was  96.8^o;  the  b.p.  was  37-41°  (2  mm),  n^  was  1.4131. 
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•  Peroxides  1-8,  13  and  14  were  obtained  by  oxidation  of  the  corresponding  aldehydes  in  acetic  anhydride;  peroxides  9  and  10  were  obtained  in 
propionic  anhydride;  peroxide  11  in  n-butyric  anhydride;  peroxide  12  in  monochlOToacetic  anhydride. 


SUMMARY 

1.  A  new  method  was  developed  for  the  synthesis  of  unsymmetrical  diacyl  peroxides  by  oxidation  of  aldehydes 
in  the  presence  of  acid  anhydrides. 

2.  The  following  unsymmetrical  dlacyl  peroxides  were  obtained  for  the  first  time:  acetyl-n-butyryl,  acetyl- 
isovaleryl,  acetyl-o-methylbenzoyl,  acetyl-m-methylbenzoyl,  acetyl-p-methylbenzoyl,  acetyl -2,4-dlmethylbcnzoyl, 
acetyl -p-methoxybenzoyl,  acetyl -o-chlorobenzoyl,  acetyl -m-chlorobenzoyl,  acetyl -p-chlorobenzoyl,  proplonyl- 
benzoyl,  propionyl-m-chlorobenzoyl,  n-butyrylbenzoyl  and  monochloroacetylbenzoyl.  Their  physicochemical  con¬ 
stants  were  described  and  their  infrared  spectra  are  investigated  and  interpreted. 
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Esters  of  2,1-tetralone  carboxylic  acid  until  recently  have  been  compounds  which  were  very  difficult  to  obtain. 
For  example,  a  recently  described  process  for  preparing  the  ethyl  ester  of  this  6-ketoacid  consists  of  a  rather  com¬ 
plex  conversion  from  2,3-naphthol  carboxylic  acid  to  o-phenyleneacetopropionic  acid  with  later  cyclization  of  its 
diester  by  the  Dieckmann  reaction  [1].  The  simple  method  which  we  have  found  for  preparing  2,1-tetralone  car¬ 
boxylic  acid  [2]  opens  a  new,  more  suitable  path  for  preparative  synthesis  of  the  methyl  ester  of  this  ketoacid,  which 
can  be  used  in  organic  syntheses  for  various  purposes. 

For  conversion  of  2,1-tetralone  carboxylic  acid  into  its  methyl  ester  we  used  the  results  which  we  obtained 
earlier  in  solving  the  analogous  problem  for  2,3-tetralone  carboxylic  acid  [3].  However,  considering  the  especially 
great  tendency  of  this  6  -ketoacid  to  undergo  decarboxylation,  which  makes  its  isolation  and  purification  very  dif¬ 
ficult,  we  submitted  directly  to  the  action  of  an  ether  solution  of  diazomethane  a  mixture  of  substances  extracted 
by  ether  from  the  acidified  reaction  mass  obtained  by  indirect  electroreduction  of  2,1-naphthol  carboxylic  acid.  In 
the  first  experiments  we  carried  out  the  reduction  process  under  exactly  the  same  conditions  as  were  used  previously 
[2].  After  the  corresponding  treatment  we  succeeded  in  isolating  the  methyl  ester  of  2,1-tetralone  carboxylic  acid 
with  a  yield  of  only  about  20%  (on  the  starting  2,1-naphthol  carboxyl),  since  part  of  the  8 -ketoacid  formed  in  the 
reduction  was  converted  into  6-tetralone  (yield  22%).  The  total  yield  of  methyl  ester  and  6-tetralone  was  40-45% 
on  the  hydroxynaphthoic  acid. 

The  methyl  ester  of  2,1-tetralone  carboxylic  acid  was  a  viscous  liquid.  We  also  isolated  from  the  reaction 
mixture  obtained  after  methylation  a  white,  crystalline  substance  with  m.p.  205-210*  which  had  almost  the  same 
composition  as  the  methyl  ester  of  2,1-tetralonecarboxylic  acid,  but  twice  the  molecular  weight.  This  compound, 
which  had  the  properties  of  a  6  -ketoester,  was  certainly  the  dimethyl  ester  of  one  of  the  three  di(8  -tetralone  car¬ 
boxylic  acids)  (I -III)  the  formation  of  which  in  the  reaction  of  indirect  electroreduction  of  2,1-naphthol  carboxylic 
acid  was  recently  established  by  us  [2]: 


Ketonic  splitting  of  this  diester  led  to  the  di-8  -tetralone  with  m.p.  272*  described  by  us  in  the  work  mentioned 
above  [2].  The  yield  of  diketodiester  was  11-14%. 

We  did  not  isolate  the  two  other  possible  isomers  of  the  diketodiester  although  the  large  residue  after  distilla¬ 
tion  of  the  methyl  ester  of  2,1-tetralone  carboxylic  acid  indicates  the  probability  of  the  presence  of  these  dimeric 
products. 
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tion  of  2,1-naphthol  carboxylic  acid  under  conditions  described  previously  [2],  the  yield  is  ll-14‘!/o,  against  4lo  ob 
*  We  give  the  conditions  at  which  formation  of  the  products  of  reductive  dimerization  is  at  a  minimum. 
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uined  by  the  present  method.  Poorly  soluble  in  alcohol,  acetone,  and  benzene.  Dissolves  in  KOH  solution. 

Gives  a  blue-green  color  in  an  alcoholic  FeCls  solution.  M.p.  205-210*  (ftom  dioxane). 

Found  C  70.97,  70.82;  H  5.11,  5.20;  ester  number  279.  M  357.  C,4HaQ6.  Calculated  C  70.92;  H  5.45; 
ester  number  276.  M  406. 

The  diketoester  was  acetylated  under  the  usual  conditions  and  gave  results  which  corresponded  to  a  compound 
widi  two  hydroxyl  groups. 

Found  OH  8.6.  Calculated  OH  8.36. 

Ketonic  decomposition.  One  g  of  diketoester  was  dissolved  with  careful  heating  in  15  ml  of  5^  KOH  solution, 
then  boiled  for  15  minutes.  The  precipitate  which  formed  (0.46  g)  had  m.p.  270”.  After  recrystallization  from  di¬ 
oxane.  m.p.  272-273*.  A  sample  mixed  with  dlketone  A  obtained  by  indirect  electroreduction  of  2,1-nai^thol  car¬ 
boxylic  acid  [2]  showed  no  melting  point  depression. 

SUMMA  RY 

1.  We  have  worked  out  a  method  for  preparing  the  methyl  ester  of  2,1-tetralone  carboxylic  acid  by  the  action 
of  diazomethane  on  the  mixture  of  products  of  reduction  of  2,1-naphthol  carboxylic  acid.  Along  with  this  ketoacid 
there  is  also  formed  the  dimethyl  ester  of  di(2,l-tetralone  carboxylic  acid). 

2.  We  have  shown  that  the  greatest  yield  of  ester  of  2,1-tetralone  carboxylic  acid  (3(f7o),  and  the  minimum 
yield  of  products  of  reductive  dimerization  is  obtained  by  reduction  of  a  very  dilute  solution  of  2,1-naphthol  car¬ 
boxylic  acid. 
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Among  the  organic  compounds  studied  in  recent  years  as  anticancer  substances  the  so-called  alkylating  com¬ 
pounds  and  antimetabolites  are  very  interesting  [1]. 

Among  the  alkylating  compounds  some  bis-  6  -chloroethylamines  have  found  practical  use  in  the  chemotherapy 
of  various  types  of  tumors  and  tumerous  processes  of  the  hemopoietic  system  (embichine,  novoembichine,  nitromine, 
dopane,  and  others).  Among  the  bis-8 -chloroethylamines  which  contain  heterocyclic  radicals,  derivatives  of  furan 
[2],  thiophene  [3],  benzimidazole  [4-8],  pyrimidine  [9-12],  pyrene  [13-14],  quinoline  [15-16],  acridine  [15]  and 
others  have  been  studied.  Among  the  antimetabolites  of  protein  metabolism  (amino  acid  antagonists)  there  were 
synthesized  heterocyclic  analogs  of  unsubstituted  amino  acids,  especially  6 -phenyl- a -alanine,  for  example,  2-, 

3-,  and  4-pyridylalanine  [17-18],  2-quinolylalanine  [19],  2-thienylalanine  [20],  5-cytosylalanine  [21],  and  others. 

In  the  present  work  we  have  described  the  synthesis  of  two  derivatives  of  m -phenanthroline  intended  for  bio¬ 
logical  study;  one  of  them  belongs  to  the  alkylating  substances:  6-[bis(0 -chloroethyl)aminomethyl]-l,7-phenan- 
throline  (VI),  and  the  second  is  a  heterocyclic  analog  of  phenylalanine:  6-[6-CI,7-phenanthrolyl)]-a  -  alanine  (VHl). 
As  the  basis  for  preparing  the  m -phenanthroline  derivatives  we  considered  first  that  even  the  unsubstituted  o-,  m-, 
and  p-phenanthrolines  are  active  against  sarcoma  37  [22],  and  second,  that  many  derivatives  of  phenanthroline  have 
different  physiological  activities  (carcinolytic  [23]  etc.). 

6 -Methyl -1,7 -phenanthroline  (la)  was  obtained  by  the  Skraup  reaction  [24]  from  2,4-toluylenediamine;  as  the 
oxidizing  agent  we  used  picric  acid  or  arsenic  anhydride.  Isolation  and  purification  of  the  product  were  carried  out 
through  the  difficultly  soluble  salt  with  chrc«nic  acid  [25].  Yield  30^o.  By  bromination  of  methylphenanthroline  with 
bromosuccinimide  in  the  presence  of  benzoyl  peroxide  we  obtained  6-bromomethyl-l,7-phenanthroline  (II).  The 
action  of  diethanolamine  on  the  bromoderivative  (II)  gave  a  condensation  product  as  the  hydrobromide  (III)  from 
which  we  isolated  6-[bis(  0 -hydroxyethyl)aminomethyl]-l, 7 -phenanthroline  (IV)  in  the  form  of  a  low  melting,  hy¬ 
groscopic  oil  which  gave  a  hydrochloride  with  m.p.  211-212°  (from  anhydrous  alcohol).  When  we  boiled  the  free 
base  (IV)  or  its  hydrochloride  with  thionyl  chloride  we  formed  the  hydrochloride  of  6-[bis(0 -chloroethyl)amino- 
methyl]-l,7-phenanthroline  (V),  from  which  by  the  action  of  dilute  alkali  we  isolated  the  free  base  (VI).  On  treat¬ 
ment  of  the  bromomethyl  derivative  (II)  with  sodium -(acetylamino)malonic  ester  in  alcohol  we  obtained  a  conden¬ 
sation  product  (VII)  whose  hydrolysis  gave  0-[6-(l,7-phenanthrolyl)]- a -alanine  (Vni)  which  gave  a  positive  nin- 
hydrin  reaction. 

A  brief  report  of  the  characteristics  of  the  products  with  the  general  formula  (1)  is  given  in  the  table. 

EXPERIMENTAL* 

6 -Bromomethyl -1,7 -phenanthroline  (II).  We  placed  in  a  flask  9.7  g  of  (la),  8.8  g  of  bromosuccinimide,  0.54  g 
of  benzoyl  peroxide,  and  100  ml  of  carbon  tetrachloride,  boiled  the  mixture  for  two  hours,  cooled,  and  filtered  off 
the  succinimide.  The  solvent  was  distilled  off  and  the  somewhat  oily  residue  was  washed  with  a  weak  solution  of 


•  G.  A.  Nudel'  took  part  in  the  experiments. 
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Synthesis  of  substances  (VI)  and  (VII)  Is  shown  In  the  scheme: 
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alkali  and  with  water.  The  dried  precipitate  was  recrystallized  from  ligroin.  We  obtained  colorless  crystals  with 
m.p.  127.5-128.5’.  Yield  6.9  g  (50.5*70). 

6-[Bis(  6 -hydroxyethyl)aminomethyl]-l,7-phenanthroline  (hydrobromide)  (III).  We  placed  in  a  flask  5.5  g 
of  (II),  2.1  g  of  diethanolamine,  and  40  ml  of  butyl  alcohol,  boiled  the  mixture  for  one  hour,  cooled,  and  filtered 
off  the  crystalline  product  which  we  recrystallized  from  butyl  alcohol.  We  obtained  colorless  crystals  with  m.p. 
203-203.5”.  Yield  5.7  g  (75*70). 

S-fBis  (6-chloroethyl)aminomethyl]-l,7-phenanthroline  (VI).  We  dissolved  3.78  g  of  (III)  in  a  small  amount 
of  water,  made  it  alkaline  with  4(f7o  alkali  solution,  and  extracted  the  oil  which  precipitated  with  chloroform.  The 
extract,  dried  over  anhydrous  sodium  sulfate,  was  treated  with  18  ml  of  thionyl  chloride  with  cooling,  and  was  boiled 
for  two  hours.  After  cooling,  the  slightly  yellowish  crystalline  product  (V)  was  filtered,  washed  with  chlorofcffm, 
placed  in  ice  water,  and  treated  with  a  dilute  alkali  solution.  The  oil  which  separated  crystallized  in  a  cooler  and 
was  filtered,  washed,  and  dried  over  phosphorus  pentoxide.  After  crystallization  from  ligroin  with  addition  of  an¬ 
hydrous  alcohol  we  obtained  colorless  crystals  (slightly  hygroscopic)  with  m.p.  85-85.5°.  Yield  of  (VI)  1.5  g  (45*7o). 
One  g  of  (VI)  was  dissolved  in  anhydrous  alcohol  and  dry  hydrogen  chloride  was  passed  in.  The  hydrochloride  (V) 
precipitated  and  was  filtered  off,  wa^ed  with  anhydrous  alcohol,  and  dried;  m.p.  250-251*  (with  decomposition). 
Yield  1  g  (82*7o). 

Ethyl  ester  of  B -[6-(l,7-phenanthrolyl)-a -(carbethoxy)-a -N-acetylaminopropionic  acid  (VII).  In  a  three - 
necked  round  bottomed  flask  with  a  condenser  and  stirrer  we  placed  60  ml  of  anhydrous  alcohol,  added  0.1  g  of 
sodium  in  small  pieces,  and  after  solution  of  the  latter,  8.7  g  of  acetylaminomalonic  ester.  The  mixture  was  boiled 
for  15  minutes  cooled,  and  10.84  g  of  (II)  was  added.  After  boiling  for  two  hours,  the  contents  of  the  flask  were 
cooled,  diluted  with  200  ml  of  water;  the  oil  which  then  separated  crystallized.  After  crystallization  from  2(fJo 
aqueous  alcohol  we  obtained  colorless  crystals  with  m.p.  146.5-147.5°  (VII).  Yield  5.65  g  (34.47o). 

fl  -[6  -(1,7-phenanthrolyl)]-  a  -alanine  (VIII).  A  mixture  of  5.65  g  of  (V)  and  50  ml  of  2(f}o  hydrochloric  acid 
was  boiled  fM  three  hours,  cooled,  and  neutralized  with  aqueous  ammonia  to  pH  7.  After  crystallization  the  precipi 
tate  was  filtered  off,  washed,  and  recrystallized  from  water;  we  obtained  colorless  crystals  with  m.p.  263.5-264.5°. 
Yield  0.6  g  (16 .3«^). 

SUMMARY 

We  have  prepared  for  biological  study  6-[bis(6-chloroethyl)aminomethyl]-l,7-phenanthroline  and  6 -[6 -(1,7- 
phenanthrolyl))-  a -alanine. 
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Properties  of  Substances  with  the  General  Formula 
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In  the  previous  communication  [1]  vre  described  the  synthesis  of  a  series  of  N-acyl  derivatives  of  d,l-glutamic 
acid  with  the  general  formula  (A) 


COOH' 

I 

n_(:_Nii— (ill 

II  I 

i)  (:iH(;ii.,(:()<»n'. 

(A) 

In  the  present  work  we  describe  N-acyl  derivatives  of  the  diethyl  ester  of^,_l  -glutamic  acid  which  contain 
residues  of  a  moleclue  with  known  anticancer  activity,  £-bis(8 -chloroethyl)aminophenylalanine  (sarcolysine). 

In  recent  years  a  series  of  dipeptides  of  sarcolysine  with  various  amino  acids  have  been  prepared  and  studied, 
and  some  of  them  show  valuable  anticancer  properties  [2,  3]. 

The  diethyl  ester  of  N'-[£-bis(0 -chloroethyl)aminophenyl-N-acetylalanyl]-d,l_-glutamic  acid  (I)  was  pre¬ 
pared  by  condensation  of  N -acetylsarcolysine  [4]  with  the  diethyl  ester  of  d,^-glutamic  acid  in  the  presence  of  1,3- 
dicyclohexylcarbodiimide.  As  a  result  of  the  reaction  we  obtained  a  crystalline  substance  from  which  by  repeated 
recrystallizations  we  obtained  two  individual  products  (m.p,  147-148°  and  m.p.  121-122°),  in  approximately  equal 
amounts.  Both  products  were  optically  inactive,  had  the  same  composition,  and  differed  considerably  in  solubility. 
Probably  these  substances  are  racemates  of  diastereoisomeric  dipeptide  (1).  The  condensation  product  can  also  be 
isolated  in  the  form  of  a  hydrochloride  which,  however,  could  not  be  separated  into  two  substances. 

The  diethyl  ester  of  N'-[p-bis(0-chloroethyl)aminophenyl-N-formylalanyl]-d,l_-glutamic  acid  (III)  is  formed 
by  condensation  of  N-formylsarcolysine  [4]  with  the  diethyl  ester  of  d, ^-glutamic  acid  in  the  presence  of  1,3-di- 
cyclohexylcarbodiimide. 

On  hydrolysis  of  the  formyl  portion  of  ester  (III)  with  an  alcoholic  solution  of  HCl  we  obtained  the  dihydro¬ 
chloride  of  the  diethyl  ester  of  N’-[£-bis(6-chloroethyl)aminophenylalanyl]-d,^-glutamic  acid  (IV). 

Because  of  the  instability  of  the  dihydrochloride  of  dipeptide  (IV)  the  latter  was  obtained  in  the  form  of  the 
salt  with  methylene-di(6 -hydroxynaphthoic  acid)  (V). 

The  properties  of  the  compounds  which  were  synthesized  are  given  in  the  table. 

EXPERIMENTAL 

Diethyl  ester  of  N'-[p-bis(6-chloroethyl)aminophenyl-d,l-N-acetylalanyl]-d,l-glutamic  acid  (I).  To  a  sus¬ 
pension  of  2.5  g  of  N -acetylsarcolysine  in  10  ml  of  anhydrous  chloroform  we  added  1.4  g  of  1,3-dicyclohexylcarbo- 
diimide  in  5  ml  of  chloroform.  The  mixture  was  energetically  shaken  and  left  overnight  at  room  temperature.  The 
precipitate  of  dicyclohexylurea  was  filtered  off,  the  filtrate  was  evaporated  and  the  remaining  oil  slowly  crystallized 
on  the  addition  of  a  small  amount  of  alcohol  and  cooling.  The  resulting  precipitate  was  filtered  off,  yield  1.2  g 
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Dipeptldes  of  Diethyl  Esters  of 
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(21*70),  m.p.  130-132*.  On  recrystallization  from  a  mixture  of  anhydrous  alcohol  and  ligroin  (1  :  1)  two  products  were 
separated  from  it:  one  poorly  soluble  in  this  mixture  (0.6  g)  with  m.p.  147-148°  (from  alcohol)  and  one  easily  soluble 
(0.55  g)  with  m.p.  121-122°  (from  alcohol). 

Hydrochlcxide  of  diethyl  ester  of  N*-[£-bis(6-chloroethyl)aminophenyl-N-acetylalanyl]-d,l-glutamic  acid  (11). 
The  oily  product  obtained  as  a  result  of  evaporation  of  the  solvent  after  carrying  out  the  condensation  reaction  by 
the  method  given  above  was  dissolved  in  5  ml  of  anhydrous  alcohol,  and  dry  hydrogen  chloride  was  passed  into  the 
s61ution  with  cooling;  the  solution  decolorized  with  activated  charcoal  and  poured  into  50  ml  of  absolute  ether.  The 
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resulting  white  crystalline  precipitate  was  purified  by  reprecipitation  from  alcohol  solution  by  ether.  We  obtained 

4.2  g  of  a  hygroscopic  substance  which  decomposed  in  the  light. 

Diethyl  ester  of  N'-[p-bis(B-chloroethyl)aminophenyl-N-formylalanyl]-d,l-glutamic  acid  (111).  We  dissolved 

1.2  g  of  the  hydrochloride  of  the  diethyl  ester  of  d,l^-glutamic  acid  in  5  ml  of  anhydrous  alcohol  and  added  to  the 
solution  with  cooling  0.7  ml  of  triethylamine  in  25  ml  of  absolute  ether.  The  precipitate  of  triethylamine  hydro¬ 
chloride  was  filtered  off.  To  the  filtrate  we  added  1.65  g  of  N-formylsarcolysine  and  1.032  g  of  l,3-dicyclohexyl- 
carbodiimide  in  5  ml  of  chloroform.  The  mixture  was  shaken  energetically  and  left  overnight  at  room  temperature. 
The  precipitate  of  dicyclohexylurea  was  filtered  off,  and  the  filtrate  was  evaporated.  The  remaining  oil  crystal¬ 
lized  on  long  standing  in  a  refrigerator.  Yield  1.6  g. 
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Dihydrochlorlde  of  the  diethyl  ester  of  N-[p-bis(fl-chloroethyl)  aminophenylalanyl]-d,l-glutamic  acid  (IV). 

We  dissolved  1.4  g  of  the  diethyl  ester  of  N'-[£-bi$(6 -chloroethyl)amlnophenyl-N-formylalanyl]-d, ^-glutamic  acid 
in  17  ml  of  6  N  alcoholic  solution  of  HCl,  boiled  the  solution  for  1  minute  and  then  evaporated  in  a  vacuum  to  a 
volume  of  5  ml  and  poured  it  into  50  ml  of  absolute  ether.  The  white  crystalline  precipitate  was  purified  by  repreclpl- 
tation  from  alcohol  solution  by  absolute  ether.  The  product  was  hygroscopic  and  became  rose  colored  on  standing  in 
the  light. 

Salt  of  diethyl  ester  of  N-[p-bis(6-chloroethyl)aminophenylalanyl]-d,l-glutamic  acid  and  methylene -di(fl- 
hydroxynaphthoic  acid)  (V).  We  shook  1.2  g  of  the  dihydrochlorlde  of  the  diethyl  ester  of  N-[£-bis(6-chloroethyl)- 
aminophenylalanyl]-d,^-glutamlc  acid  energetically  with  a  mixture  of  20  ml  of  10^  sodium  bicarbonate  solution 
and  20  ml  of  ether  to  disappearance  of  the  precipitate.  The  ether  layer  was  separated,  the  water  was  extracted  with 
ether,  the  ether  extracts  were  dried  with  sodium  sulfate.  The  oil  which  remained  after  distillation  of  the  ether  was 
dissolved  in  3  ml  of  dry  tetrahydrofuran  and  to  the  solution  was  added  0.4  g  of  methylene-di(  6 -hydroxynaphthoic 
ar.id);  the  mixture  was  brought  to  boiling  and  the  insoluble  precipitate  was  filtered  off.  The  filtrate  was  poured  by 
drops  into  ice  water.  The  flakey  precipitate  was  filtered  off  and  dried.  Purification  was  carried  out  by  reprecipi¬ 
tation  from  tetrahydrofuran  with  water  and  from  alcohol  with  water. 

SUMMARY 

We  have  synthesized  for  biological  study  the  diethyl  ester  of  N’-[bis(6-chloroethyl)aminophenyl-N-acetyl- 
alanyl]-d,^-glutamic  acid  and  the  salt  of  the  diethyl  ester  of  N-[bIs(6-chloroethyl)aminophenylalanyl]-d,l^-glutamIc 
acid  with  methylene -di(6 -hydroxynaphthoic  acid). 
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Sodium  tetraphenylboron  is  of  interest  for  analytical  chemistry,  as  a  reagent  fw  the  potassium  ion  [1],  A 
method  of  synthesis  of  (1)  is  described  in  the  literature  from  sodium  tetrafluoroboron  and  phenyl  magnesium  bromide 
in  ether  solution  [1].  Since  on  a  works  scale  the  use  of  a  large  amount  of  ether  is  not  desirable,  it  is  of  interest  to 
replace  the  ether  by  some  less  inflammable  solvent. 

We  have  shown  that  tetrahydrofuran  can  be  used  for  this  purpose.  However,  on  simple  use  of  the  method  of  [1], 
which  consists  in  this,  that  NaBF4  is  added  to  a  prepared  solution  of  QHsMgBr,  the  formation  of  (1)  in  tetrahydrofuran 
does  not  occur.  (1)  is  obtained  if  NaBF4  is  introduced  into  the  reaction  mixture  before  the  reaction  is  ended  between 
magnesium  and  bromobenzene.  In  this  connection  it  is  necessary  to  assume  that  formation  of  (I)  occurs  not  as  a  result 
of  reaction  between  QHsMgBr  and  NaBF4,  as  obviously  occurs  in  ether  solution.  Such  a  difference  is  perhaps  con¬ 
nected  with  the  lower  activity  of  QHsMgBr  solvated  with  tetrahydrofuran,  as  compared  to  the  same  compound  solvated 
with  ether,  and  in  the  case  of  the  use  of  tetrahydrofuran  as  the  solvent,  NaBF4  does  not  react  with  QHsMgBr  but  with 
some  intermediate  product.  As  such  we  can  take  the  free  phenyl  radical,  which  is  formed  either  as  a  result  of  reac¬ 
tion  between  magnesium  and  bromobenzene,  or  as  a  result  of  reaction  between  the  radical  QHsMg*  and  bromobenzene. 

The  method  which  we  have  worked  out  with  the  use  of  tetrahydrofuran  as  the  solvent  permits  synthesis  of  (I) 
with  yield  of  the  purified  product  of  30%,  calculated  on  the  NaBF4.  For  the  synthesis  we  used  technical  tetrahydro¬ 
furan,  and  more  than  half  of  the  tetrahydrofuran  used  for  synthesis  and  purification  of  (1)  could  be  regenerated.  For 
identification  and  determination  of  the  purity  of  (1)  it  was  advisable  to  use  the  molar  coefficient  of  absorption  of  a 
water  solution  of  (1)  in  the  region  from  220  to  235  m/i . 

EXPERIMENTAL 

In  a  flask  we  placed  8  g  of  activated  metallic  magnesium  turnings,  70  ml  of  technical  tetrahydrofuran  (dried 
with  anhydrous  Na2S04),  and  43  g  of  bromobenzene.  The  flask  was  heated  to  incipient  boiling  of  the  tetrahydro¬ 
furan,  heating  was  stopped,  and  a  crystal  of  iodine  was  thrown  into  the  flask.  In  about  15-20  minutes,  an  energetic 
reaction  began.  Three  to  five  minutes  after  disappearance  of  the  iodine  color,  stirring  was  begun  and  5  g  of  NaBF4 
was  added.  In  order  to  avoid  a  too  stormy  reaction,  we  added  NaBF4  gradually.  The  flask  was  then  cooled,  but  so 
carefully  that  the  reaction  did  not  stop.  After  addition  of  the  NaBF4,  the  energetic  reaction  continued  fw  another 
30  minutes.  Then  stirring  was  continued  for  7-8  hours  at  a  temperature  in  the  flask  of  about  40*.  The  contents  of 
the  flask  were  poured  gradually  with  stirring  into  650-700  ml  of  a  saturated  NaCl  solution  and  were  extracted  with 
tetrahydrofuran  (4  portions  of  80  ml).  The  extract  was  dried  with  50  g  of  anhydrous  Na2S04  for  4-5  hours,  the  tetra¬ 
hydrofuran  was  removed  by  heating  in  a  vacuum  on  a  water  bath  heated  to  50 -55*.  This  regenerated  60-6S%  of  the 
tetrahydrofuran  used  in  the  synthesis.  The  pasty  crystalline  mass  which  remained  in  the  flask  was  treated  with  180  ml 
of  chloroform,  carefully  shaken,  and  the  chloroform  was  sucked  off  through  a  glass  filter  No.  4;  the  precipitate  of 
sodium  tetraphenylboron  was  washed  on  the  filter  with  three  portions  of  chloroform  of  30  ml  each  and  the  chloroform 
was  carefully  sucked  off  of  the  residue.  The  precipitate  was  dried  in  a  vacuum  desiccator.  Yield  of  pure  product 
about  3.7  g.  From  the  filtrate  after  a  day  there  precipitated  about  one  more  gram  of  sodium  tetraphenylboron,  which 
was  also  sucked  off. 

The  total  yield  of  pure  product  was  30%.  In  the  water  solution  of  the  substance  there  was  an  intense  absorp¬ 
tion  spectrum  in  the  far  ultraviolet  region. 
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The  molar  coefficient  of  absorption  at  different  wave  lengths  has  the  following  values: 
Wave  length  (in  mp )  K 


220 

25600 

225 

20000 

230 

17200 

235 

14700 

SUMMARY 

1.  We  have  worked  out  a  method  for  the  synthesis  of  sodium  tetraphenylboron  using  tetrahydrofuran  as  the 
solvent. 

2.  We  have  measured  the  ultraviolet  spectrum  of  sodium  tetraphenylboron. 
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In  our  previous  communication  [1]  we  showed  that  1 -(a -furyl)-3 -methyl -1,3 -butadiene  reacted  easily  in  the 
diene  synthesis  with  maleic  anhydride,  and  if  we  used  for  the  reaction  a  mole  ratio  of  starting  substances  1:1,  there 
was  formed  only  one  crystalline  monoadduct  whose  structure  we  did  not  establish. 

In  the  molecule  of  l-(o -furyl)-3 -methyl-1,3 -butadiene  (I)  are  four  conjugated  double  bonds,  and  therefore  the 
resulting  monoadduct  can  have  one  of  the  following  structural  forms  (II,  III,  IV): 


According  to  the  literature,  a  monoadduct  of  type  (II),  formed  in  the  condensation  of  maleic  anhydride  with 
a  conjugated  system  of  double  bonds  of  the  furan  nucleus,  is  an  unstable  compound  and  splits  out  the  starting  com¬ 
ponents  not  only  on  heating,  but  also  on  long  keeping.  Monoadducts  of  types  (III)  and  (IV)  are  stable  substances; 
on  heating  with  water  they  are  converted  into  diabasic  acids  [2-5], 

Our  monoadduct  is  a  stable  compound;  it  has  a  sharp  melting  point  and  on  heating  with  water  is  converted  into 
the  corresponding  dibasic  acid.  Hence  for  our  monoadduct  formula  (II)  drops  out  and  it  remains  to  choose  between 
formulas  (III)  and  (IV). 

In  the  molecule  of  possible  isomer  (III)  a  conjugated  system  of  double  bonds  is  absent,  and  in  the  molecule  of 
isomer  (IV)  there  is  a  conjugated  system  In  the  furan  nucleus.  In  this  connection,  if  the  monoadduct  obtained  under 
the  above  conditions  has  structure  (IV),  it  should  react  with  a  second  molecule  of  maleic  anhydride  with  formation 
of  the  bisadduct  (V). 

Experiments  showed  that  the  monoadduct  reacts  at  room  temperature  In  acetone  solution  with  a  second  molecule 
of  maleic  anhydride  with  formation  of  the  bisadduct  (V).  This  shows  that  at  a  molar  ratio  of  1  :  1  maleic  anhydride 
first  reacts  with  the  more  reactive  conjugated  system  of  double  bonds  of  the  side  chain  of  (I)  with  formation  of  the 
monoadduct  with  structural  formula  (IV). 

The  bisadduct  (V)  is  also  obtained  with  a  good  yield  if  for  the  condensation  at  room  temperature  in  absolute 
ether  we  take  two  moles  of  maleic  anhydride  for  one  mole  of  (I).  The  bisadduct,  as  a  compound  which  contains  an 
oxygen  endo -bridge,  is  an  unstable  substance.  Especially  in  the  crude  state  it  turns  yellow  when  kept  in  air.  On 
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of  maleic  anhydride,  and  12.0  ml  of  acetone.  After  standing  for  a  day  at  18-20°  white  granular  bisadduct  began  to 
separate  and  after  four  days  the  reaction  mixture  was  full  of  it  through  almost  the  entire  volume.  We  separated  6.80  g 
(41.207o)  of  crystalline  bisadduct  (V)  with  the  above  properties. 

Found ‘yo;  C  61.91;  H  4.48.  C17H14O7.  Calculated  C  61.82;  H  4.27. 

SUMMARY 

1.  We  have  defined  the  conditions  for  dehydration  of  l-(a-furyl)-3-methyl-l-buten-3-ol  to  l-(a-furyl)-3- 
methyl- 1,3 -butadiene  in  the  presence  of  iodine. 

2.  We  have  shown  that  l-(a-furyl)-3-methyl-l,3 -butadiene  with  maleic  anhydride  in  the  ratio  1  :  1  first 
reacts  with  the  conjugated  system  of  double  bonds  of  the  side  chain  with  formation  of  the  monoadduct,  the  anhydride 
of  3-(a-furyl)-5-methyl-l,2,3,6-tetrahydrophthalic  acid.  On  hydrolysis  it  gives  3-(a-furyl)-5 -methyl-1,2, 3, 6-tetra- 
hydrophthalic  acid. 

3.  Condensation  of  l-(a-furyl)-3 -methyl-1, 3-butadiene  with  maleic  anhydride  in  the  molar  ratio  1  ;  2  and 
also  condensaticxi  of  the  monoadduct  with  maleic  anhydride  give  a  bisadduct. 
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Recently  the  question  of  separation  of  racemates  on  asymmetric  adsorbents  has  attracted  more  attention. 

There  have  been  a  number  of  reviews  of  this  problem  [1,  2].  The  interest  in  the  asymmetric  adsorbents  is  explained 
by  the  fact  that  such  adsorbents  are  potential  reagents  for  separating  racemates  and  that  asymmetric  adsorbents  can 
be  used  for  establishing  the  configuration  of  substances  and  for  identification  of  natural  amino  acids  [2,  3].  The 
natural  adsorbents  (starch,  lactose,  etc.)  are  beginning  to  be  replaced  by  specially  synthesized  ones  [2,  3]. 

This  theoretical  and  practical  interest  raises  the  question  of  the  possibility  of  separating  racemates  on  asym¬ 
metric  ion  exchange  resins.  Such  a  resin  was  prepared  by  Grubhofer  and  Schleith  vrtio  used  a  commerical  sym¬ 
metrical  carboxy -containing  resin  "Amberllte  XE-64,"  esterifying  it  with  quinine  on  its  secondary  hydroxyls  [4,  5]. 
Bunnett  and  Marks  synthesized  an  asymmetric  resin  of  the  phenol -formaldehyde  type  by  condensing  N -(^-hydroxy - 
phenyl)-butyric  acid  with  formaldehyde  in  the  first  case  and  with  p-toluenesulfonyl-L -tyrosine  in  the  second  [6].  The 
resin  obtained  by  Grubhofer  and  Schleith  was  not  sufficiently  suitable  for  studying  ion  exchange  because  of  the  low 
stability  of  the  ester  bond,  as  the  authors  themselves  noted.  The  resins  obtained  by  Bunnett  and  Marks  were  stable 
enough.  However,  as  these  authors  showed,  separation  of  racemates  on  these  resins  did  not  take  place.  One  of  the 
possible  reasons  for  this  was  considered  by  the  authors  to  be  reaction  of  the  separated  substances  with  the  resin  at 
only  one  point,  since  only  carboxyl  reacts  with  the  bases. 

We  have  attempted  to  synthesize  ion  exchange  resins  based  on  unsubstituted  L-tyrosine.  Such  a  choice  is  war¬ 
ranted  by  the  stability  of  optically  active  tyrosine  in  respect  to  racemization  and  the  presence  in  tyrosine  of  three 
active  groups  (OH,  COOH,  and  HjN)  with  the  carboxyl  and  amino  groups  close  to  the  center  of  asymmetry  which  in¬ 
creases  the  probability  of  different  reactions  of  the  optical  antipodes  with  tyrosine.  There  is  increased  probability 
of  separation  in  view  of  the  greater  "concentration"  in  the  resin  of  optically  active  substances  than  in  the  case  of 
Bunnett  and  Marks.  Finally,  it  is  also  important  that  the  optically  active  isomer  of  tyrosine  is  available  commercially. 

It  is  known  that  linear  polymers  as  a  rule  are  soluble.  Since  in  tyrosine  the  para -position  to  the  hydroxyl  group 
is  occupied,  we  have  the  right  to  expect  that  in  the  condensation  of  tyrosine  with  formaldehyde  only  linear  polymers 
will  be  formed.  Therefore  in  the  first  experiments  we  used  phenol  or  phenoxyacetic  acid  as  a  cross  agent.  The  con¬ 
densation  product  of  formaldehyde  with  phenoxyacetic  acid  and  tyrosine  was  very  interesting  in  its  physical  and 
chemical  properties.  We  will  call  this  resin  TPF. 

In  the  course  of  this  work  we  showed  that  tyrosine  can  give  with  formaldehyde  an  insoluble  polymer  even  with¬ 
out  addition  of  cross  agents.*  Evidently  in  this  case  there  is  a  joining  of  the  linear  polymers  because  of  reaction  of 
the  formaldehyde  with  the  amino  groups  of  the  tyrosine  molecule.  Here  there  is  the  possibility  of  formation  between 
the  nitrogen  atcrnis  of  methylene  (1)  or  ether  bonds  (II). 


COOH 


COOH 


HO^ 


^  — CHj-CH-NH-CHa-NH-CH-CHj-^  ^OH 


CH, 


(1) 


CH, 


•  There  is  evidence  in  the  literature  of  the  formation  of  high  molecular  substances  when  tyrosine  is  heated  with 
formaldehyde  [7). 
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I 

CHa 

I  (M) 

It  should  be  mentioned  that  there  is  a  description  in  the  literature  of  a  case  of  formation  of  such  bonds  be¬ 
tween  the  nitrogens  in  the  polycondensation  of  amides  [8].  The  data  of  elementary  analysis  for  nitrogen  show  that 
most  probably  there  is  a  second  type  of  condensation. 

The  resulting  resins  have  a  brownish -yellow  or  light  yellow  color,  resembling  KFU  in  mechanical  properties 
[9].  The  resins  from  alkaline  condensation  are  more  elastic,  and  at  high  temperature  almost  resinous.  The  resins 
are  sufficiently  stable  in  chemical  respects.  We  have  not  noted  any  change  in  properties  of  the  resins  as  a  result  of 
numerous  conversions  from  the  H*  form  to  the  sodium  form  and  back.  The  resins  are  insoluble  in  acids  and  alkali, 
dioxane,  benzene,  acetone,  water,  and  other  ordinary  solvents;  they  luminesce  with  a  greenish -yellow  color  when 
illuminated  with  a  bactericidal  lamp.  Data  on  the  swelling  of  the  synthesized  resins  in  water  and  alkali  and  the 
static  volume  capacity  are  given  in  Table  1. 


TABLE  1 


Resin* 

Swelling  coefficient 

Full  static 
capacity 
(in  mg 
equiv./g) 

water 

1  N  KOH 

TFK-2 . 

1.5 

4.7 

5.6 

TFK-4 . 

1.4 

4.9 

5.1 

TFO-2 . 

1.4 

5.9 

5.4 

TFO-4 . 

2.9 

5.5 

7.7 

TFF . 

1.2 

4.2 

3.5 

•  The  data  are  given  for  the  dry  resins  in  the  M*  form. 


Since  tyrosine  contains  an  amino  group  besides  the  carboxyl  and  hydroxyl  groups,  we  can  assume  that  the  syn¬ 
thesized  resins  will  be  amphoteric  to  some  extent. 

This  assumption  was  verified  as  follows.  The  resin  in  the  H*  form,  obtained  by  washing  to  pH  4-5,  after  treat¬ 
ment  with  hydrochloric  acid  was  treated  for  a  day  with  50  ml  of  0.1  N  KOH.  After  this  chloride  ions  were  absent 

from  the  solution,  and  the  acidified  solution  did  not  give  a 
precipitate  with  silver  nitrate.  Elementary  analysis  of  the 
resin  in  the  hydrogen  form  showed  the  definite  absence  of 
chloride  ion.  In  order  to  demonstrate  the  anion  exchange 
properties  of  the  resin,  we  treated  the  hydrogen  form  of  the 
resin  with  0.1  N  solution  of  acid  and  after  a  day  determined 
the  change  in  acid  concentration.  From  the  change  in  con¬ 
centration  we  calculated  the  capacity  of  the  resin  for  chloride 
ions.  The  results  are  givtn  in  Table  2. 


TABLE  2.  Full  Static  Capacity  with  Chloride  Ion 


Resin 

Capacity  (in  mg- 
equiv./g) 

TFK-2 . 

1.35 

TFK-4 . 

1.50 

TFO-2 . 

1.31 

TFO-4 . 

1.33 

TFF . 

0.55 

On  the  basis  of  these  results  we  can  assert  that  the 
resin  is  amphoteric,  and  the  anion  exchange  properties  of 
the  resin  are  shown  weakly. 


During  the  synthesis  of  the  high  polymers,  racemization  of  the  tyrosine  is  evidently  absent.  According  to  the 
literature,  tyrosine  is  racemized  with  difficulty.  Thus,  according  to  [10]  for  full  racemization  of  tyrosine  it  is  neces¬ 
sary  to  heat  it  for  five  hours  with  baryta  water  at  170°,  According  to  [11]  tyrosine  is  racemized  by  boiling  for  many 
days  with  alkali.  Tyrosine  is  not  changed  by  heating  to  240°  with  hydrochloric  acid  saturated  at  0°  [12].  Thus,  the 
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conditions  for  racemization  of  tyrosine  are  considerably  more  severe  than  those  under  which  the  synthesis  Is  carried 
out.  It  is  also  apparent  that  we  obtain  an  asymmetric  resin,  since  the  aqueous  extract  from  the  synthesized  resins  was 
optically  active.  The  specific  rotation  of  the  solid  substance  obtained  by  evaporation  of  the  water  extract  was  -30 
to  -35*,  while  the  specific  rotation  of  tyrosine  is  -8*. 

EXPERIMENTAL 

Synthesis  of  resin  TFK-4.  In  a  three  necked  flask  with  a  stirrer,  thermometer,  and  reflux  condenser  were  in¬ 
troduced  successively  10.4  ml  of  33^  HCl  and  8.8  ml  of  40^  formaldehyde.  With  heating  on  a  bath  to  60*  and  rapid 
stirring  tyrosine  was  added  to  the  vessel.  After  full  solution  of  the  tyrosine,  the  mixture  was  kept  for  40  minutes  at 
90-95*  and  then  1.2  ml  of  50^  sulfuric  acid  and  4  g  of  paraform  were  quickly  added  and  the  mixture  was  stirred  until 
a  homogeneous  mass  was  obtained.  Then  the  mixture  was  kept  fw  1.5  hours  in  an  air  thermostat  at  100*  and  for  1 
hour  at  120-125*.  The  resulting  porous,  rather  friable  product  had  a  brownish -yellow  color. 

Found  °hi  C  62.9;  M  5.73;  O  25.7;  N  5.63. 

Synthesis  of  resin  TFK-2.  This  was  carried  out  in  the  same  way,  except  that  the  time  of  keeping  on  the  bath 
before  adding  the  paraform  and  sulfuric  acid  was  30  minutes,  then  45  minutes  on  the  water  bath  at  90*  and  2.5  hours 
in  the  drying  cabinet  at  120*. 

Synthesis  of  resin  TFF. Twenty  g  of  tyrosine  and  20  g  of  phenoxyacetic  acid  were  dissolved  in  a  mixture  of 
17.6  g  of  4(flo  formaldehyde  and  10.4  ml  of  33®/o  hydrochloric  acid  with  rapid  stirring  at  60-70*.  After  solution  and 
one  hour  boiling  on  a  water  bath  we  added  1.2  ml  of  sulfuric  acid  and  4  g  of  paraform.  The  resin  was  kept  for  1.5 
hours  at  90-95*  on  a  water  bath  and  then  was  transferred  to  the  drying  cabinet  where  it  was  kept  for  1.5  hours  at  120*. 

Synthesis  of  resin  TFO-2.  Twenty-five  g  of  tyrosine  was  dissolved  with  heating  and  rapid  stirring  in  37.5  ml 
of  formaldehyde  and  12.5  ml  of  4(f}o  sodium  hydroxide.  The  tyrosine  was  added  in  portions.  Solution  occurred  with 
heating.  Hie  last  portions  dissolved  with  difficulty.  The  mixture  was  placed  on  a  water  bath  at  90*,  where  after 
several  minutes  it  changed  into  a  very  thick,  porous  mass,  and  was  kept  for  1.5  hours  on  the  water  bath,  then  ground 
to  a  size  of  0.5  cm  in  diameter  and  placed  in  an  open  porcelain  crucible  in  a  thermostat  where  it  was  kept  for  4.5 
hours  at  120-125*.  Yield  of  TFO-2  and  the  other  resins  was  close  to  10(f!o. 

Found  °lo:  C  61.4;  M  6.2;  O  27.0;  N  5.5. 

Synthesis  of  resin  TFO-4.  This  was  synthesized  in  the  same  way  as  in  the  previous  case,  but  was  kept  on  the 
water  bath  for  two  hours  and  in  the  drying  cabinet  at  100-110*  for  100  minutes. 

Determination  of  full  static  volume  capacity.  The  capacity  was  determined  in  the  usual  way  [13].  We  added 
50  ml  of  0.1  N  KOH  to  0.5  g  of  resin  and  after  24  hours  determined  the  concentration  of  alkali  in  the  filtrate,  from 
which  we  calculated  the  capacity.  The  resin  used  was  air  dried;  the  data  on  capacity,  shown  in  Table  1,  are  cal¬ 
culated  on  the  dry  resin. 

The  swelling  coefficient  was  determined  as  follows:  1  ml  of  air  dried  resin  was  placed  in  a  measuring  cylinder 
and  9  ml  of  water  or  1  N  KOH  were  added.  The  cylinder  stood  for  a  day  in  a  horizontal  position.  Then  the  cylinder 
was  placed  vertically  and  the  volume  was  determined.  From  this  we  calculated  the  swelling  coefficient. 

Determination  of  the  specific  rotation  was  carried  out  as  follows:  a  sample  of  freshly  synthesized  resin  TFO-4 
(about  1  g)  was  placed  in  a  test  tube  with  15  ml  of  water.  The  solution  acquired  a  yellow  color.  We  determined  the 
rotation  of  the  solution  on  a  circular  CM  polarimeter.  It  was  -0.08*  (average  of  three  experiments),  and  each  time 
we  calculated  the  average  of  ten  measurements.  Then  the  solution  was  evaporated  dry  and  the  amount  of  substance 
determined  by  weighing.  From  this  we  calculated  the  specific  rotation,  [a]^  -30*. 

SUMMARY 

1.  By  direct  polycondensation  of  L-tyrosine  with  formaldehyde  (in  the  presence  of  alkali  and  also  acid  catalysts) 
and  L-tyrosine  with  phenoxyacetic  acid  and  formaldehyde  we  have  obtained  insoluble  polymers  which  contain  an 
asymmetric  carbon  atom. 

2.  We  have  shown  that  these  polymers  have  cation  exchange  properties.  Anion  exchange  properties  are  shown 
weakly. 

3.  We  have  determined  the  full  static  capacity  and  swelling  coefficient  for  the  synthesized  cationites. 
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Azomethine  dyes  are  derivatives  of  various  ketomethylene  compounds  with  residues  of  substituted  £-diamines 
and  have  recently  become  of  great  practical  significance,  since  they  are  substances  which  are  used  in  color  cinemato¬ 
graphy  [1]. 


W 

R' 
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It  is  known  from  the  literature  [2-4]  that  for  the  formation  of  yellow  azomethine  dyes,  compounds  are  usually  used 
which  contain  active  methylene  groups  in  an  open  chain  connected  with  two  carbonyl  groups.  Such  compounds  are 
6  -diketones  and  different  derivatives  of  acyl  acetic  acids,  of  which  the  most  important  is  the  substituted  anilide  of 
benzoylacetic  acid. 

As  A,  E.  Arbuzov  showed  [5]  there  is  a  deep  analogy  between  carboxyl  and  phosphonic  groups.  The  phosphorus 
analog  of  acetoacetic  ester,  acetone  phosphoric  acidester,  and  benzoylacetic  ester,  acetophenone  phosphonic  ester, 
react  with  metallic  sodium  [6,  7].  Kosolapoff  [8]  showed  that  methane  diphosphonic  acid  can  also  replace  hydrogen 
of  the  methylene  group  by  a  metal.  Other  properties  of  6 -ketophosphonic  acid  derivatives  also  confirm  their  simi¬ 
larity  with  6  -ketocarboxylic  acid  [9,  10]. 

Therefore  we  predicted  the  formation  of  yellow  azomethine  dyes  for  derivatives  of  6  -ketophosphonic  acids 
which  contained  active  methylene  groups  in  the  open  chain  connected  with  carbonyl  and  phosphonic  groups  (A). 


I 

— C0-Cll2-R=0 

I 

(A) 

Our  prediction  was  fulfilled.  On  development  of  an  exposed  silver  bromide  emulsion  by  £-diethylaminoaniline 
in  the  presence  of  diethyl  acetonephosphonate,  diethyl  acetophenonephosphonate,  or  triethyl  phosphonoacetate,  the 
corresponding  azomethine  dyes  which  contained  the  phosphonic  group  were  formed. 


nCOCIl2P(OC2H5)2  -f  Nn2C6lUN(C2H5)2  4AgRr 


— ►  RCO— (:=NCfill4i\(C2ll5)2  f  4Ag  4-4nHr 

I 

(C2H50).,P=0 

R  =  C,iu.  CH,.  OCjH,. 


•  Read  at  the  II  Congress  on  Chemistry  and  Use  of  Phosphoorganic  Compounds,  November  30,  1959  (Kazan). 
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As  color  photographic  studies  showed,  diethyl  acetophenonephosphonate,  diethyl  acetonephosphonate  and  tri¬ 
ethyl  phosphonoacetate  under  conditions  of  color  development  from  yellow  azomethine  dyes  with  the  color  developer 

and  in  activity  of  azomethine  dye  formation  did  not  yield  at  all  to  the  analog¬ 
ous  esters  of  the  corresponding  aceto-,  benzoylacetic  and  malonic  acids. 

One  of  the  chief  requirements  for  the  yellow  components  is  that  they  be 
sufficiently  reactive  under  the  conditions  of  color  development.  Dyes  formed 
from  these  components  should  have  selective  abswption  with  maximum  spec¬ 
tral  absorption  at  430-440  mp.  The  results  of  color  photographic  study  showed 
that  of  the  above  three  components  diethyl  acetophenonephosphonate  is  the 
most  reactive  in  color  development  in  the  sense  of  the  formation  from  it  of 
dye  under  the  conditions  of  color  development  as  compared  with  the  other  two; 
the  dye  from  it  has  the  best  selective  absorption  with  a  spectral  maximum  ab¬ 
sorption  at  425-430  m/i  (Fig.  1). 

Amy/ 


Fig.  1.  Curve  of  spectral  ab¬ 
sorption  of  the  dye  from  di¬ 
ethyl  acetophenonephosphonate, 
formed  under  conditions  of 
color  development. 
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The  azomethine  dyes  from  diethyl  acetonephosphonate  and  diethyl  aceto¬ 
phenonephosphonate  with  diethyl  p-phenylenediamine  were  synthesized  with  the 
use  of  potassium  ferricyanide  (method  a)  or  silver  chloride  (method  b)  as  the 
oxidizing  agent.  Formation  of  the  azomethine  dye  was  then  usually  accom¬ 
panied  by  side  processes;  the  pure  substance  could  be  isolated  only  by  use  of 
chromatography  on  aluminum  oxide  of  their  chloroform  solutions.  In  all  cases 
on  chromatography  of  the  dyes  there  was  observed  formation  of  two  and  some¬ 
times  more  colored  zones.  Usually  the  upper  zone  consisted  of  tarry  products,  the  middle  zone  of  an  orange  dye  of 
unknown  structure,  and  the  lower  was  the  yellow  azomethine  dye  which  was  desorbed  from  the  aluminum  oxide  by 
chloroform.  To  obtain  the  pure  azomethine  dye  we  submitted  the  latter  to  two  to  three  chromatograms,  and  purified 
by  extraction  and  recrystallization. 

In  Fig.  2  we  give  the  curves  of  spectral  absorption  of  the  dyes  in  ethyl  alcohol;  and  in  the  table,  the  dyes  which 
were  synthesized. 

As  the  results  in  the  table  show,  when  potassium  ferricyanide  is  used  as  the  oxidizing  agent,  the  yield  of  dye  is 
small;  therefore  "method  a"  is  not  of  practical  value.  The  synthesized  dyes  were  orange,  crystalline  substances, 

easily  soluble  in  ether,  chloroform,  acetone,  dioxane,  and  benzene,  difficultly 
soluble  in  alcohol,  practically  insoluble  in  water.  The  yellow  color  of  these 
dyes,  on  acidification,  passed  into  red  as  a  result  of  salt  formation  with  forma¬ 
tion  of  a  cation  which  probably  has  a  quinoid  structure. 

A  characteristic  of  the  azomethine  group  of  azomethine  dyes  without  a 
phosphonic  group  is  the  ease  of  their  splitting  in  water  solution,  especially  when 
heated  or  acidified  [11].  Such  instability  makes  them  little  fit  for  use.  As  we 
showed  in  our  experiments  on  the  stability  of  the  azomethine  group  in  azo¬ 
methine  dyes  which  contain  the  phosphonic  group,  the  introduction  of  the  phos¬ 
phonic  group  instead  of  the  carbonyl  greatly  raises  the  stability  of  the  azo¬ 
methine  group.  It  is  not  decomposed  by  long  heating  with  water  and  is  stable  to 
acids  and  alkalis. 

EXPERIMENTAL 

The  starting  substances  were  synthesized  by  the  Arbuzov  reaction  [12]  by 
reaction  of  triethylphosphite  with  monobromoacetic  ester,  bromoacetone,  and 
bromoacetophenone.  This  we  obtained  respectively:  triethyl  phosphonoacetate, 
b.p.  142-143“  (12  mm),  np  1.4315  [14],  diethyl  acetone  phosphonate,  b.p.  132- 
135“  (13  mm),  n^  1.4380,  d^®  1.1253  [13,  15,  16],  and  diethyl  acetophenone¬ 
phosphonate,  with  b.p.  192-193“  (11  mm),  1.5140,  d4®  1.1810  [13,  17]. 

Azomethine  dye  from  diethyl  acetonephosphonate  (I).  Synthesis  of  the 
dye  with  the  oxidizing  agent  potassium  ferricyanide  (method  a).  In  a  1  liter 
beaker  with  a  mechanical  stirrer  we  placed  a  solution  of  1.61  g  of  diethyl  acetone¬ 
phosphonate  in  220  ml  of  95^o  alcohol.  We  added  a  solution  of  4  g  of  anhydrous 


Fig.  2.  Curve  of  spectral  ab¬ 
sorption  of  the  dyes  in  ethanol. 

1)  Dye  from  diethyl  aceto¬ 
phenone  phosphonate;  2)  dye 
from  diethyl  acetonephosphonate. 
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II  I 

Azomethine  Dyes  (C2H50)2F-C=NCeH4N(C2ll5), 


Method 

Absorption  I 

,  P 

R 

of  pre¬ 
paration 

M.  p. 

Yield,  I0 

calcu¬ 

lated 

found 

(I)  CH3CO  [ 

a 

b 

149-152° 

149-152 

470-480 

2-3.5 

18-21.2 

j  8.74 

8.95 

(II)  Cell., CO  j 

a 

b 

156-158 

156-158 

470 

2.0 

55.3 

1 

7.70 

soda  in  50  ml  of  water  and  then  a  solution  of  2.89  g  of  diethyl  £-phenylenediamine  sulfate  in  50  ml  of  water.  To 
the  stirred  mixture  we  added  a  solution  of  13.17  g  of  potassium  ferricyanide  in  100  ml  of  water.  After  15  minute 
stirring,  the  dye  was  extracted  with  ether.  The  extract  was  washed  with  water  to  full  removal  of  the  colored  substance 
in  the  water,  chromatographed  on  aluminum  oxide,  and  washed  off  with  chloroform.  After  three  chromatographic 
separations  with  later  extractions  of  the  mixture  with  water  we  obtained  0.1252  g  of  pure  dye  (table). 

Synthesis  of  the  dye  using  silver  chloride  as  the  oxidant  (method  b).  To  a  solution  of  2.32  g  of  sodium  chloride 
in  28  ml  of  water  we  slowly  added  a  solution  of  6.12  g  of  silver  nitrate  in  28  ml  of  water  and  to  the  resulting  suspen¬ 
sion  of  silver  chloride  we  added  successively  the  solutions:  8.59  g  Na2CO^  •  IOH2O  in  16  ml  of  water,  0.776  g  of 
diethyl  acetonephosphonate  in  20  ml  of  methyl  alcohol,  and  1.16  g  of  diethyl  £-phenylenediamine  sulfate  in  32  ml 
of  water.  After  30  minute  stirring  at  room  temperature  the  precipitate  was  filtered  off,  washed  with  water  to  dis¬ 
appearance  of  alkali,  and  dried.  The  dye  was  extracted  from  the  filter  with  chloroform,  chromatographed  on  alu¬ 
minum  oxide,  and  removed  with  chloroform.  After  three  chromatographic  treatments  with  later  extraction  by  water 
we  obtained  0.025  g  of  azomethine  dye  (table). 

Azomethine  dye  from  diethyl  acetophenonephosphonate  (11).  Synthesis  of  the  dye  by  method  £.  The  method 
of  preparing  and  purifying  the  dye  was  completely  analogous  to  the  previous  experiment.  In  the  reaction  we  took 
1.5  g  of  diethyl  acetophenonephosphonate  in  120  ml  of  95*70  alcohol,  3  g  of  anhydrous  soda,  in  30  ml  of  water,  1.73  g 
of  diethyl  £-phenylenediamine  sulfate  in  30  ml  of  water,  and  7.9  g  of  potassium  ferricyanide.  We  obtained  0.0318  g 
of  azomethine  dye  (table). 

Synthesis  of  the  dye  by  method  b.  The  method  of  preparing  and  purifying  the  dye  was  completely  analogous 
to  method  ^ of  the  previous  experiment.  In  the  reaction  we  took  3.06  g  of  silver  nitrate  in  14  ml  of  water,  1,16  g  of 
sodium  chloride  in  14  ml  of  water,  1.6  g  of  soda  in  8  ml  of  water,  0.51  g  of  diethyl  acetophenonephosphonate  in  10ml 
of  methyl  alcohol,  and  0.58  g  of  diethyl  £-phenylenediamine  sulfate  in  16  ml  of  water.  We  obtained  0.04  g  of  dye. 
Besides  this  we  obtained  0.005  g  of  orange  dye  of  unknown  structure,  easily  soluble  in  chloroform,  ether,  and  acetone, 
insoluble  in  water.  On  acidification  of  the  solurion  of  the  latter  dye  with  dilute  hydrochloric  acid  there  was  change 
of  red  color  into  violet,  and  on  following  addition  of  alkali,  into  the  original  red. 

Study  of  the  Stability  of  the  Dye  from  Diethyl  Acetonephosphonate  to  Alkali  and  Acid 

1.  Acidification  of  the  yellow  dye  with  a  great  excess  of  concentrated  hydrochloric  acid  gave  a  water  solution 
of  a  red  dye  which  was  boiled  in  a  flask  with  a  reflux  condenser  for  five  hours.  During  three  hours  no  decomposition 
was  found.  Decomposition  began  only  on  five  hour  boiling. 

2.  A  saturated  dioxane  solution  of  the  dye  was  heated  with  excess  ammonia  for  five  hours  at  100*.  There  was 
no  decomposition  of  the  dye.  At  the  end  of  this  time  the  solution  was  acidified  with  dilute  hydrochloric  acid  to  the 
appearance  of  a  red  color,  and  heated  for  13  hours  more  at  100*.  Under  these  conditions  decomposition  of  the  dye 
was  absent:  when  the  solution  was  made  alkaline,  the  red  color  turned  to  yellow,  and  on  acidification,  to  red. 

Thus,  this  dye  is  very  stable  to  the  action  of  relatively  high  temperature  (100°)  and  weak  alkali  or  acid  water 
solutions. 
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SUMMARY 

1.  We  have  shown  the  possibility  of  formation  of  azomethine  dyes  by  reaction  of  aromatic  diamines  witfi  phoa 
phoorganic  compounds  which  contain  an  active  methylene  group  bound  to  a  carbonyl  and  a  phosphonic  group. 

2.  We  have  synthesized  the  first  two  examples  of  this  new  class  of  azomethine  dyes  which  contain  the  phot- 
phonic  group  and  studied  their  absorption  spectra  in  ethanol. 

3.  We  have  found  that  these  dyes  are  favorably  distinguished  by  their  stability  to  acids,  alkalis,  and  high  tem¬ 
perature  as  compared  to  other  azomethine  dyes. 

4.  The  results  of  color  photographic  study  show  that  diethyl  acetophenonephosphonate  is  die  most  reactive  in 
the  sense  of  the  formation  from  it  of  an  azomethine  dye  under  the  conditions  of  color  development.  The  dye  from 
it  has  good  selective  absorption  with  an  absorption  maximum  at  425-430  mfi. 
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Some  phosphoorganic  compounds  have  found  wide  use  as  additives  for  various  petroleum  fractions.  Full  esters 
of  phosphorous  acid,  the  trialkyl  (aryl)  pnosphites,  and  some  of  their  derivatives  are  used  as  antioxidizing  additives 
for  mineral  oils  [1-4], 

For  study  of  the  antioxidizing  properties  with  respect  to  oil  products  and  the  antioxidizing  activity  with  respect 
to  the  structure  of  organic  phosphorous  compounds  we  have  carried  out  the  synthesis  of  compounds  with  the  general 
formulas  (I)  and  (II) 


{H0)2(R'0)PS 

(I) 

R  and  R’  are  different 
aliphatic  radicals 


a)  R  —  tert-CjHjj,  R*  —  H 

b)  R  =  R'  =  tert-CsHii 


The  synthesis  of  compounds  of  type  (I)  was  carried  out  by  adding  elementary  sulfur  to  the  corresponding  mixed 
trialkyl  phosphite 


(R0)2(n'0)p  +  s  — ►  (R0)2(R'0)ps 

In  their  turn,  the  mixed  trialkyl  phosphites  were  synthesized  by  the  reaction  of  partial  tranesterification  [5-7]. 
The  syntheses  of  tri(4-tert-amyl)-  and  tri(2,4-dltert-amyl)-phenylphosphite  (II)  were  carried  out  by  reaction  of  the 
corresponding  4-tert-amyl-  and  2,4-ditert-amylphenols  [8]  with  phosphorus  trichloride. 


TABLE  1.  Addition  of  Sulfur  to  Phosphites 


Product  obtained 

Taken  for 
reaction,  g 

Bath 

temp¬ 

erature 

Duration 

of  heat- 
ing,hrs 

Yield 

Trialkyl 

phosphite 

Sulfur 

PS(OC2!l5)iOC4Ho-n.)2 

5.21 

0.74 

80—100° 

4 

88.4 

PS(OC2RJ.iOC3H;-n.) 

3.10 

0.55 

120-150 

5 

94.1 

PS{OC.,H.,MOC.,H,,-iso)  * 

3.05 

0.42 

80—100 

2 

66.7 

PS^otJ^R.-ili'JUsH  ii'iso  )2  * 

4.00 

0.52 

120-140 

5 

51.1 

PS(0(;,.H.,)i0C,,R;-,v)2* 

0.92 

0.155 

110-115 

3 

70.9 

PSfUCH.O.fOO,!!,-  n) 

0.76 

0.16 

80—90 

7 

91.3 

PS(OCH  ){OCtH7- 

0.90 

0.16 

80-100 

6.5 

82.1 

PS(OC.,H7-H.)(OC4H.r  t>)» 

0.47 

0.063 

80-90 

7 

80.85 

ps(Ocn3)(OC2nr,)(oc„li7-jj.) 

0.64 

0.123 

80—90 

7 

84.2 

<4-C5Hn-C6H40);,PS 

2.50 

0.16 

150-200 

11 

84.9 
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TABLE  2.  Physical  Consunts  and  Analyses  of  the  Synthesized  Trlalkyl  Thiophosphates  (R0)i(R’0)PS 


0>vfa>r^05QOiCOO 
«— 00  05  ^  30  CO  lO  X  CO 
H'^cNjococO'<f-^inir> 


CO  —  Q  — *  C^J 

CO  05  30  <1- 

p^oq^’^X’^co 

.  -CO  CO  .  •  -lO 

p  x>  p 

vr  X  ^<1*  lO 


“?,Q.  0-  “iQ,  a.  a,  nCL  1:, 

9,0  o  9.0  0  0^0  9, 

•N  ^  'M  Ot  r5 

E  .-T^r-TSC  JTX! 

<=9®  — X  —^3 

CJOUUCJUOUCJCJ 


cvir^cvixoxioxr^o 

X'^cor«-*o6ir5coc436co 

xioxt^invftoi^'^fx 


••-•>:fr^xcocoxr^inx 
^  csj  in  vT  lO  ^  CO  c^l  X 

8mOX^OXX05r— 
00050’^005p0 


xr^inoinooooin 
OQO— OCOCvjX  —  X 
intn'^inioinin'^tn'^ 
vf^vrsf>^*^>T^vrin 


C^o  o  05 

.  d)  CM  —  ^  X  O 
»  *3  CM  CM  CM  CM  CM 

M  I  I  I  I 

►  ^in  X  CO  X  05  X 

I  qX  CM  ^ m  o 

g  eg  CM  CM  CM  CM 


ea  M  Q  M 

K  o*  » 

'js  =t  !=f'ixe^ 

X  ^  9-X  X  X 
■♦O  f  V  “5  «  n"  o  ^ — ■ 

o  ^2.0  o  o  o  ^2 

•w-  51  ^  3- 

%o  »o  to  'C_) 

a-  3^  3*  rr  s  ^  • 

CM  «  "M  e^  ^  I 
oucjuuouoo  :: 

c/T^vrvTc/r^^'^'^^ 

Du  a,  aTaTx  IX  0,  a,  X  21. 


The  addition  of  elementary  sulfur  to  trl(4-tert-amyl)- 
phenyl  phosphite  gave  the  corresponding  thio  derivative 
(Table  2). 

EXPERIMENTA  L* 

Synthesis  of  tri(4-tert-amyl)phenyl  phosphite.  In  a 
three  necked  flask  fitted  with  a  reflux  condenser  and  ther¬ 
mometer  was  placed  19.49  g  of  £-tert-amylphenol.  After 
the  latter  had  melted  we  added  in  small  portions  6.4  g  of 
phosphorus  trichloride.  The  contents  of  the  flask  were  heated 
at  230-240*  with  shaking  for  two  hours,  and  then  for  another 
four  hours  at  250-255“  and  dried  carbon  dioxide  gas  was 
passed  in.  The  residue  of  easily  volatile  products  and  phenol 
were  distilled  off  in  a  vacutun.  We  thus  obtained  a  viscous 
liquid.  The  product  was  decolorized  by  heating  with  ac¬ 
tivated  charcoal  at  280*  for  one  hour. 

We  obtained  19.46  g  (93.4*70)  of  a  light  yellow  liquid. 

B.p.  284*,*  nj}  1.5420,  d^®  1.0457,  MRp  156.7;  calc. 
156.86. 

Found  °}o:  p  6.20,  6.30.  C33H  QjP.  Calculated  *70; 


Synthesis  of  tri(2,4-ditert-amyl)-phenyl  phosphite. 

In  a  three  necked  flask  fitted  with  a  reflux  condenser  and 
thermometer  we  placed  25.16  g  of  2,4-ditert-amylphenol. 

We  added  in  small  portions  5.5  g  of  phosphorus  trichloride 
in  30  minutes  with  mixing  at  40-50*.  Then  the  reaction 
mass  was  heated  for  three  hours  with  shaking  at  230-245* 
and  for  another  two  hours  at  280-290*  while  passing  dried 
carbon  dioxide  gas.  After  distillation  in  a  vacuum  (15  mm, 
bath  temperature  280-300*)  we  obtained  4.9  g  of  2,4-ditert- 
amylphenol  which  had  not  reacted;  we  obtained  20.8  g 
(98*70)  of  tri-(2,4-dftert-amyl)-phenyl  phosphite. 

nf^  1.5238,  d4®  0.9861,  MR^  226.82;  calc.  226.13. 

Found  *7o:  P  4.53,  4.48.  C4jM750^P.  Calculated  *7®: 

P  4.23. 

Tri(2,4-ditert-amyl)-phenyl  phosphite  was  a  light 
yellow,  very  viscous  liquid  which  solidified  on  keeping. 

Synthesis  of  mixed  trialkyl  thiophosphates.  The  re¬ 
action  of  addition  of  sulfur  to  the  mixed  trialkyl  phosphites 
was  carried  out  in  a  flask  with  a  reflux  condenser  at  first  at 
room  temperature  and  then  for  completion  of  the  reaction 
the  mixture  was  heated  for  a  definite  time.  The  small 
excess  of  sulfur  was  filtered  off,  n^  and  d*®  were  determined, 
the  b.p.  was  taken  and  analysis  for  P  was  run. 

The  conditions  for  carrying  out  the  reaction  are  given 
in  Table  1. 


•^eMcovrin^r-oooso 


*  Students  V.  R.  Khalikov  and  A.  A.  Syrova  took  part  in  the 
experiments. 
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The  mixed  trialkyl  thiophosphates  could  not  be  purified  by  distillation,  since  they  were  easily  disproportionated 
when  they  were  heated. 

The  mixed  trialkyl  thiophosphates  were  mobile  liquids;  most  of  them  did  not  have  an  odor;  they  were  insoluble 
in  water  and  easily  soluble  in  petroleum  products  and  organic  solvents. 

In  Table  2  we  give  the  physical  consunts  and  results  of  phosphorus  analysis  for  the  compounds  which  we  syn¬ 
thesized.* 

SUMMARY 

We  have  synthesized  and  identified  twelve  new  compounds,  not  described  in  the  literature:  tri(4-tert-amyl)- 
phenyl  phosphite  and  tri(2,4-ditert*amyl)-phenyl  phosphite  and  ten  trialkyl  thiophosphates. 
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*  The  low  yield  of  products  is  explained  by  the  fact  tiiat  the  products  were  submitted  to  vacuum  distillation  (see 
Table  2). 
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Well-marked  antiblastic  activity  is  exhibited  by  a,  6 -unsaturated  aldehydes  (in  particular  citral),  a,  6 -un¬ 
saturated  ketones,  furfiirylideneacetone  and  related  compounds,  sarcomycin  and  its  analogs,  a  series  of  steroid  hor¬ 
mones),  and  y  -  6  -  lactones  of  some  unsaturated  hydroxyacids  (e.g.,  parasorbic  acid  and  patulin)  [1-7]. 

All  these  compounds  contain  a  double  bond  conjugated  with  a  carbonyl  group.  The  biological  activity  in 
question  is  associated  in  our  opinion  with  the  presence  of  this  grouping  (I).  This  fact  may  serve  as  a  lead  in  the 
search  for  new  and  more  active  preparations  both  among  known  substances  and  among  substances  to  be  synthesized 
in  the  future. 

In  continuation  of  our  work  in  this  direction  [8],  we  have  synthesized  a  series  of  compounds  of  the  type  of  (II) 
which  contain  the  grouping  (I)  and  possess  structural  features  also  present  in  sarcomycin  (III). 


I 

— C 


;=c- 

1 

||2C=('— CH2  •  COOR' 

1 

||2C=C - Cll— COOII 

1  1 

1 

c 

1 

c 

I  1 

C  CII2 

0 

0  R 

0  ’^“2 

(I) 

(11) 

(III) 

a)  R  =  ('..H,.  It'  =  c,H. 

b)  R  =  CH,.  R'  =  C,(I,; 
C)  R  =  CH„  R'  =  H. 

The  ethyl  ester  of  0 -methylene-0 -benzoylpropionic  acid  (Ha)  was  synthesized  by  our  earlier  method  [8], 
starting  from  diethyl  benzoylsuccinate  (IV): 


COOR  COOR 

CflllfiCOCH-ClIzCOOR  ColljCOC - CH, 


(IV) 


CeHsCOCII— CIlj 

I  I 

CII2  CO 


—  ROH 


HOH,  HUr 


-H,0 


CII2  CO 
(V) 

CfillsCO— CH— CH2 


-CO,.  ucnT 


N(R), 

-N{R),  HBr* 


CH2  COOR 


(VI) 

CftHsCO  .  C— CII2COOR 


CII2 

(Ila) 


Hr 

(VII) 

C9H5COC=CnCOOR 

I 

CII3 

(VIII) 


R  =  C,H,. 


The  resulting  ester  (Ila)  gives  the  hydroxamic  reaction,  forms  a  2,4-dinitrophenylhydrazone,  and  decolorizes 
bromine  in  CCI4.  Separation  of  formaldehyde  after  ozonolysis  of  ester  (Ila)  confirms  the  presence  of  a  methylene 
double  bond.  The  low  yield  of  dimedon  derivative  of  formaldehyde  (15*70)  and  the  unsharp  melting  point  of  the 
hydrazone  of  ester  (Ila)  can  be  explained  by  the  existence  of  an  equilibrium  between  ester  (Ila)  and  its  structural 
isomer  (VIII)  (cf.  [9]). 
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The  ethyl  ester  of  6-methylene-0-acetylpropionic  acid  (lib)  was  prepared  from  6 -acetyl- y -butyrolactone  (IX) 
[8]  by  means  of  transformations  analogous  with  those  previously  reported  for  the  benzoyllactone  (VI).  The  structure  of 
ester  (Ilb)  was  confirmed  by  Its  saponification  with  2  N  H2SO4  to  6 -methyIene-8 -acetylpropionic  acid  (lie). 

This  acid  (lie)  (m.p.  69*)  titrates  with  0.1  N  NaOH  as  a  monobasic  acid,  forms  a  calcium  salt  with  CafOH)^, 
decolorizes  bromine  water,  and  gives  a  2,4-dinItrophenylhydrazone  with  m.p.  210-211*  [10].  Formation  of  formal¬ 
dehyde  on  ozonolysis  of  acid  (lie)  confirms  the  presence  of  a  methylenic  double  bond. 

It  should  be  noted  that  lactone  (DC)  reacts  with  facility  with  potassium  phthalimide  in  dimethylformamide  so¬ 
lution  to  form  the  nicely  crystallized  phthalimide  derivative  (X). 


CllaCO  .  CH — Clli 


l)  r.,H,(CO),NIC.  HCON(CH,) 


2)  H+(H,0) 


cn. 


'0 

(IX) 


CO 


■V  CH3COCH— Clla-COOl! 

(iH2N(C0)2{:en4 
(X) 


This  method  can  probably  also  be  utilized  for  characterization  of  other  lactones  (cf.  [11]). 
The  biological  activity  of  the  prepared  compounds  is  now  being  studied. 


EXPERIMENTAL 

0  -Benzoyl - 0  -carbethoxy-y  -butyrolactone  (V).  A  solution  of  1  g  of  K2CO3  in  1  ml  of  water  was  added  in  two 
portions  to  a  mixture  of  123  g  of  the  ester  of  ketoacid  (IV),  75  g  of  36%  formalin,  and  100  ml  of  alcohol  at  20°.  The 
temperatiure  of  the  mixture  rose  by  3-4°.  After  it  had  been  allowed  to  stand  for  four  days  at  room  temperature,  the 
reaction  mixture  was  acidified  with  6  N  II2SO4,  diluted  with  ethyl  acetate,  washed  with  water,  and  dried  with  sodium 
sulfate.  The  ethyl  acetate  was  distilled  in  vacuo  on  a  water  bath,  and  the  residue  distilled  to  give  lactone  (V);  yield 
41  g  (35%). 

B.p.  153-156°  (0.5  mm),  n“  1.5320. 

The  2,4-dinitrophenylhydrazone  of  lactone  (V)  melts  at  184°  (from  a  mixtiue  of  alcohol  and  benzene). 

Found  %:  C  54.24;  11  4.22;  N  12.63.  C2o•^l8t^8N4•  Calculated  %:  C  54.30;  H  4.10;  N  12.67. 

0 -Benzoyl-  y  -butyrolactone  (VI).  A  mixture  of  250  ml  of  concenctrated  HCl,  140  ml  of  water,  180  ml  of 
acetic  acid,  and  24  g  of  lactone  (V)  was  stirred  at  66-68°  until  it  became  homogeneous  (about  2  hr);  the  stirrer  was 
then  stopped  and  the  reaction  mass  kept  for  78  hr  at  66-68°.  It  was  decolorized  with  carbon,  filtered,  and  evaporated 
on  a  water  bath  in  vacuo  at  50-60°.  To  the  oily  residue  was  added  25  ml  of  a  mixture  of  alcohol  and  ether.  Lac¬ 
tone  (VI)  crystallized  on  standing  in  the  cold;  yield  9  g  (52%);  m.p.  65°  (from  70%  alcohol  [12]),  ^46  mp. 

Found  %:  C  69.40;  H  5.30.  M  (by  titration)  189.  C11H10O3.  Calculated  %:  C  69.47;  H  5.30.  M  190.2. 

Tlie  2,4-dinitrophenylhydrazone  of  lactone  (VI)  melts  at  222°  (from  a  mixture  of  alcohol  and  benzene). 

Found  %:  C  55.17;  H  3.92;  N  15.04.  C17H14O6N4.  Calculated  %:  C  55.13;  H  3.81;  N  15.13. 

Ethyl  ester  of  0 -bromomethyl-0-benzoylpropionic  acid  (VII).  A  mixture  of  11.9  g  of  benzoyllactone  (VI)  and 
70  ml  of  50%  alcoholic  HBr  solution  was  held  for  three  days  at  0°,  then  poured  into  ice -containing  water  (100  g),  and 
extracted  with  benzene  (three  times  with  10-15  ml).  The  benzene  extracts  were  combined,  washed  with  water  (tliree 
portions  of  10-15  ml  each),  and  dried  with  sodium  sulfate.  The  benzene  was  taken  off  in  vacuo  at  30-32°,  and  17.9  g 
of  unpurifred  bromoester  (VII)  was  obtained  in  the  form  of  a  light-yellow  oil;  n^^^  1.5390. 

Ethyl  ester  of  0-methylene-0-benzoylpropionic  acid  (Ila).  A  solution  of  10  g  of  ethyl  ester  of  bromoacid  (VII) 
in  10  ml  of  ether  was  treated  with  20  ml  of  trie  thy  lamine.  Triethylamine  hydrobromide  at  once  commenced  to  come 
down.  The  mixture  was  allowed  to  stand  for  three  days  at  room  temperature  and  then  diluted  with  100  ml  of  ether. 
After  filtration,  the  liquid  was  evaporated  in  vacuo  at  32°.  To  the  residue  (6.8  g)  was  added  120  ml  of  ether.  The 
ethereal  solution  was  washed  twice  with  8  ml  of  8%  hydrochloric  acid  and  then  three  times  with  10  ml  of  water. 

The  mass  was  dried  over  sodium  sulfate  and  evaporated  in  vacuo  at  30-35°.  The  residual  oil  was  distilled  to  give 
5  g  of  ethyl  ester  of  the  ketoacid  (Ila). 
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cohol  at  0“  was  added  23.8  g  of  lactone  (IX)  in  large  portions  with  shaking.  The  reaction  mass  was  held  for  three 
days  at  0*  and  then  poured  into  ice  water  (150  g).  It  was  then  extracted  with  ether  (6  portions  of  100  ml  each),  washed 
three  times  with  water  (15  ml  each  time),  and  dried  with  sodium  sulfate.  Evaporation  of  the  ethereal  solution  in 
vacuo  at  30°  gave  42  g  (95*70)  of  unpurified  ethyl  ester  of  6  -bromoethyl-0 -acetylpropionic  acid  in  the  form  of  a 
light -yellow  oil  with  n|)  1.4690.  To  an  ice -cooled  solution  of  42  g  of  the  bromoacid  ester  in  85  ml  of  ether  was 
added  45  ml  of  triethylamine  dropwise  at  such  a  speed  that  the  temperature  of  the  mixture  did  not  rise  above  20-25°. 

After  the  whole  of  the  triethylamine  had  been  added,  the  reaction  mass  was  allowed  to  stand  overnight  at  room 
temperature,  after  which  150  ml  of  ether  was  added,  and  the  triethylamine  hydrobromide  was  filtered  off.  The  ethereal 
solution  was  evaporated  in  vacuo  at  30°.  To  the  residue  (28  g)  was  added  150  ml  of  ether.  The  ethereal  solution  was 
washed  twice  with  10  ml  of  water,  dried  with  sodium  sulfate,  and  evaporated  in  vacuo  at  30°.  The  residual  oil  was 
distilled  to  give  25  g  (91*70)  of  ethyl  ester  of  ketoacid  (Ilb). 

B.  p.  54°  (1  mm).  1.1031,  n?)  1.4482,  MRp  40.5;  calc.  40.5. 

2,4-Dinitrophenylhydrazone  of  ketoester  (lib):  m.p.  119°  (from  alcohol). 

Found  *70;  N  16.44.  C14H16O6N4,  Calculated  *70:  N  16.66. 

B  -Methylene -6  -acetylpropionic acid( lie).  A  mixtureof6.4goftheesterofacid(IIb),  100mlof2N  H2SO4,  and 
Smgofhydroquinone  was  stirred  for  40hr  at  32*C,  the  resulting  solution  was  clarified  with  carbon,  NaHC08  was  added  to 
give  pH  8,  and  the  mass  was  washed  with  80  ml  of  ether.  The  aqueous  solution  was  acidified  with  2N  H2S04to  pH  2,  satu¬ 
rated  with(NH4)2S04(  about  80g),  and  extracted  with  ethyl  acetate(  5  times  with  80  ml  each).  The  ethyl  acetate  extracts 
werecombined,  clarified  with  carbon,  and  dried  withNa2S04.  The  solvent  was  taken  off  in  vacuo  at  28*C.  The  residue 
crystallized  after  standing  in  the  cold.  Yield  4.2  g(  8QPJ0)  of  acid(  lie),  m.p.  69*C(  from  ether). 

Found  <7o  ;  C  56.43;  H  6.32.  M(  titration)  128.  CgHgOj.  Calculated  <7o;  C  56,24;  H6.29.  M  128.1. 

2,4-Dinitrophenylhydrazone  of  acid(  lie);  m.p.  210 -211  *C  [  10]. 

Found  <70:  N  18.04.  Ci2Hi206N4-  Calculated  <70  N  18.18. 

Ozonolysis  of  ketoacid  (lie).  Through  a  solution  of  0.3  g  of  ketoacid  (lie)  in  15  ml  of  ethyl  acetate  at  0°  was 
passed  ozone  at  a  speed  of  20  mmoleAir  for  6  min.  To  the  solution  was  then  added  15  ml  of  water  and  500  mg  of 
zi;ic  dust.  The  mixture  was  boiled  for  30  min  on  a  water  bath  and  was  then  filtered,  without  cooling,  into  a  solution 
of  450  mg  of  dimedon  in  15  ml  of  alcohol.  Addition  of  30  ml  of  water  was  immediately  followed  by  commence¬ 
ment  of  crystallization.  The  precipitate  was  filtered,  and  washed  with  alcohol  and  ether.  Yield  0.24  g  (36*70)  of 
dimedon  derivative  of  formaldehyde  with  m.p.  190°  (from  alcohol). 

Phthalimide  derivative  of  B  -acetyl-  y  -butyrolactone  (X).  To  a  solution  of  4.9  g  of  lactone  (IX)  in  20  ml  of 
HC0N(CH3)2  was  added  7.4  g  of  potassium  phthalimide  and  the  mixture  stirred  for  2  hr  at  60°,  The  solution  was 
cooled  and  70  ml  of  ether  was  added.  The  resulting  yellow  oil  was  separated,  washed  with  ether  (twice  with  80  ml 
each),  dissolved  in  10  ml  of  water,  and  strongly  acidified  with  concentrated  HCl.  The  precipitate  was  collected, 
washed  with  10  ml  of  water  and  recrystallized  from  5(fJo  aqueous  alcohol.  Yield  9  g  (85*70)  of  phthalimide  derivative 
(XI)  with  m.p.  144°. 


I 


Found  C  61.01;  H  4,86.  Neut.  Equiv.  136.5.  CmHuO^N.  Calculated  C61.09;  H4.76.  Neutr.  equiv. 

SUMMARY 

The  preparation  of  esters  and  derivatives  of  6 -methylene -0 -acylpropionic  acids  was  described. 
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In  a  paper  by  one  of  us  [1]  it  was  shown  that  arenesulfamides  are  easily  alkylated  by  2 -propanol  and  by  cyclo- 
hexanol  in  80-85^o  sulfuric  acid  at  60-70°;  it  was  also  established  that  under  these  conditions  alkylation  does  not 
take  place  in  the  ring  and  that  exclusively  N -monoalkyl  derivatives  of  the  arnesulfamides  are  obtained  in  accordance 
with  the  stoichiometric  equation 


ArSOaNlli -I- non  — >  ArSOaN  11 11 -|- llgO. 

Disubstituted  derivatives  (I)  are  not  obtained  even  with  a  considerable  excess  of  the  alcohol.  Subsequently  the 
alkylation  reaction  that  we  had  discovered  was  extended  to  alkanesulfamides  (II)  and  it  was  found  that  also  in  this 
case  monoalkylated  derivatives  are  obtained  in  good  yield  even  with  a  lower  concentration  of  sulfuric  acid  [2]. 

ArSOgNIla  (I)  ArSOaN  11011(0113)00115  (II). 

iiaN— /  ^so.,Nnon(on3)02ii5  (iii). 

The  purpose  of  the  present  work  was  the  study  of  the  alkylation  of  arenesulfamides  by  -  2-butanol.  Experiments 
showed  that  under  similar  conditions  (80-83lo  sulfuric  acid,  70°)  only  mono-sec.  butyl  derivatives  of  arenesulfamides 
are  again  obtained  but  with  a  slightly  lower  yield  than  is  obtained  in  alkylation  with  2 -propanol  or  cyclohexanol.  The 
resulting  N-sec.  butylarenesulfamides  (II)  usually  give  poorly  soluble  salts  with  caustic  alkalies;  they  are  easily  ex¬ 
tracted  from  aqueous  solutions  of  alkalies  with  dichloroethane,  which  is  used  for  purification  from  unreacted  arene- 
sulfamide.  Arenesulfonyl  sec.-butylamides  are  extracted  from  solution  in  8(fJo  sulfuric  acid  by  dichloroethane  where¬ 
as  unsubstituted  arenesulfamides  are  not  extracted.  p-Aminobenzenesulfamide  (sulfanilamide)  is  also  alkylated  under 
these  conditions,  but  only  at  the  sulfamido  group,  and  p-aminobenzenesulfonyl  sec-butylamide  (III)  is  obtained,  i.e., 
the  aromatic  amino  group  is  not  attacked  under  these  conditions. 

EXPERIMENTAL 

Benzenesulfonyl  sec.-butylamide  (II,  Ar  =  QH5).  To  a  solution  of  15.7  g  (0.1  mole)  of  benzenesulfamide 
100  ml  of  8(flo  sulfuric  acid  heated  to  70°  was  added  0.2  mole  (100^  excess)  of  2 -butanol  in  the  course  of  40  min, 
and  the  mixture  was  stirred  for  5  hr  at  70°.  The  warm  mass  was  extracted  with  100  ml  of  dichloroethane;  the  extract 
was  washed  with  water,  then  with  100  ml  of  1.5  N  sodium  hydroxide  solution,  and  the  dichlcaroethane  was  distilled 
with  steam.  A  first  extraction  gave  9.9  g  (46. ^0)  of  solid  product.  Purification  was  effected  by  dissolution  of  the 
whole  precipitate  in  a  mixture  of  10  ml  of  4(f}o  sodium  hydroxide  and  50  ml  of  water  and  filtration  of  the  hot  solution 
on  a  glass  filter;  the  precipitated  sodium  salt  was  isolated  from  the  cooled  solution  by  filtration;  the  still  rtioist  sail 
was  dissolved  in  water  with  addition  of  sodium  hydroxide,  and  ammonium  chloride  solution  was  added  to  bring  down 
the  product.  Yield  8.15  g  (38^o)  with  m.p.  52-56°.  Crystallization  from  aqueous  methanol  gave  long,  colorless  need¬ 
les  with  m.p.  65° ;  literature  [3]:  m.p.  70.5°. 

p-Chlorobenzenesulfonyl  sec.-butylamide  (II,  Ar  =  P-CIC6H4)  was  similarly  prepared  by  alkylation  of  p-chloro- 
benzenesulfamide.  Yield  of  uncrystallized  product  5^o,  m.p.  64°.  Purification  via  the  sodium  salt  as  above  gave  a 
product  with  m.p.  74°,  yield  S'flo.  Crystallization  from  methanol  gave  needles  with  m.p.  75-75.5°. 

Found  ‘7o;  N  5.83.  CioHjANSCl.  Calculated  °Jo:  N  5.66. 
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3.4- Dlchlorobenzenesulfonyl  sec.-butylamlde  (II.  Ar  =  3,4-C^QH3)  was  prepared  from  3,4-dichlorobenzene - 
sulfamlde  by  the  preceding  method  but  with  double  the  volume  of  8(flo  sulfuric  acid  due  to  the  poor  solubility  of 

3,4-dlchlorobenzenesulfamide.  Recrystallization  from  n-heptane  gave  prismatic  crystals  with  m.p.  78-80*. 

Found  1o:  N  5.14.  CjoHnO^NSClt.  Calculated  N  4.96. 

2.5- Dichlorobenzenesulfonyl  sec.-butylamlde  (II,  Ar  =  2,5-Cl2C6H3)  was  similarly  prepared  with  a  doubled 
volume  of  acid.  Crystallization  from  alcohol  gave  scales  with  m.p.  125*;  yield  48^. 

Found  N  5.00.  CioHbQjNSCIs.  Calculated  N  4.96. 

p-Ethylbenzenesulfonyl  sec.-butylamide  (II,  Ar  =  P-C2H5C6H4)  was  prepared  from  p-ethylbenzenesulfamide  by 
the  same  procedure  as  for  benzenesulfonyl  sec.-butylamlde.  The  residue  after  steam -distillation  of  the  dichlaro- 
ethane  was  a  dark  oil  with  n*^  1.5269,  soluble  in  10^  sodium  hydroxide.  Addition  of  excess  of  40^  sodium  hy¬ 
droxide  led,  however,  to  separation  of  an  oil  which  was  evidently  the  sodium  salt.  This  did  not  crystallize  on  cool¬ 
ing.  Yield  IQflo. 

Found  N  5.46.  CoHiANS.  Calculated  ^h:  N  5.80. 

p-Aminobenzenesulfonyl  sec.-butylamide  (III)  was  prepared  from  17.2  g  (0.1  mole)  of  p-aminobenzenesulf- 
amide  and  0.2  mole  of  2 -butanol  in  SCno  sulfuric  acid  (100  ml).  Resinous  substances  (evidently  polymers  of  butenes) 
were  removed  by  extraction  with  100  ml  of  dichloroethane;  the  sulfuric  acid  layer  was  diluted  with  water  and  neutral¬ 
ized  with  concentrated  ammonia;  a  yellow  oil  came  out  and  soon  crystallized.  The  crystals  were  dissolved  in  a  mix¬ 
ture  of  20  ml  of  40^0  sodium  hydroxide  and  70  ml  of  water  with  heating;  to  the  filtered  solution  was  added  40  ml  of 
4Qf1o  sodium  hyddroxide;  the  sodium  salt  came  down  on  cooling  and  was  filtered  off  on  a  glass  filter,  and  dissolved  in 
water  with  addition  of  sodium  hydroxide  (for  prevention  of  hydrolysis).  Precipitation  was  then  effected  with  saturated 
ammonium  chloride  solution.  Yield  7.84  g  (34.47o)  with  m.p.  120*.  Crystallization  from  aqueous  methanol  gave 
needles  with  m.p.  120.5*. 

Found  N  12.16.  CioHjeOjNzS.  Calculated  N  12.27. 

The  product  undergoes  the  diazo  reaction:  diazotization  on  paper  with  2-naphthol  to  give  an  orange  dye;  with 
1-naphthol  an  orange  dye  was  also  obtained,  but  wetting  with  alkali  solution  changed  the  color  to  magenta.  The 
presence  of  a  primary  aromatic  amino  group  was  thereby  established. 

SUMMARY 

The  alkylation  of  are nesulfam ides  with  2 -butanol  in  sulfuric  acid  solution  was  studied;  it  was  found  that  N- 
monoalkyl  derivatives  of  the  arenesulfamides  are  formed.  Alkylation  of  p-aminobenzenesulfamide  with  2 -butanol 
gave  p-aminobenzenesulfonyl  sec.-butylamide,  i.e.,  alkylation  proceeds  only  at  the  sulfamido  group  and  the  aro¬ 
matic  amino  group  is  not  alkylated. 
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Double  diazonium  compounds  of  cobalt  have  been  described  only  in  the  patent  literature  [1],  As  far  as  we  are 
aware  double, diazonium  salts  of  bivalent  copper  have  never  been  described. 

We  prepared  double  diazonium  salts  of  chlorides  of  copper  and  cobalt  with  the  following  aryldiazonium  chlorides: 
benzene-,  p-toluene-,  p -chlorobenzene-,  p-bromobenzene-,  p-nitrobenzene-,  and  p-carbethoxybenzene.  They  are 
easily  formed  when  cooled  solutions  of  the  aryldiazonium  chlcsrides  are  brought  into  contact  with  the  metal  chlorides. 
Yields  55-8C0O,  All  of  the  investigated  salts,  with  the  exception  of  salts  with  p-bromobenzenediazonium,  have  2  :  1 
composition  [(ArN2Cl)2MeCl2]  regardless  of  the  ratio  of  reactants  and  of  the  order  of  mixing;  p-bromobenzenedi¬ 
azonium  salts  also  have  the  1  ;  1  composition  regardless  of  the  order  of  mixing  and  the  reactants  ratio.  All  the  double 
Cu^^  diazonium  salts  are  yellow,  while  those  of  Co^^  are  green-blue;  they  are  readily  soluble  in  water,  moderately 
In  alcdiol,  insoluble  in  ether;  they  do  not  have  a  sharp  melting  point;  they  decompose  gradually  when  slowly  heated 
and  explode  when  rapidly  heated. 

Double  diazonium  salts  of  bivalent  cobalt  and  copper  are  characterized  by  differing  stabilities  in  the  solid  state 
and  in  solution.  They  are  fairly  stable  in  the  solid  state  and  can  be  stored  without  appreciable  decomposition  in  a 
vacuum -desiccator  over  phosphorus  pentoxide  for  several  days  [(QH5N2Cl)2COCl]2  to  several  months  in  the  air  [(p- 
C1C6H4N2C1)2  CUCI2].  On  the  other  hand  the  solutions  of  these  salts  are  poorly  stable:  a  solution  in  anhydrous  alcohol 
starts  to  break  down  even  at  room  temperature.  The  stability  in  solutions  depends  in  large  measure  on  the  nature  of 
the  aromatic  radical;  for  example,  (C6H5N2Cl)2CoCl2  and  (C6H5N2Cl)2CuCl2  in  saturated  alcoholic  solution  are  com¬ 
pletely  decomposed  with  nitrogen  evolution  only  after  2  hr,  whereas  (p-NC^C6H4N2Cl)2CuCl2  breaks  down  in  the  course 
of  1-2  min. 

We  took  the  infrared  spectra  in  the  2100-2300  cm"^  region  for  the  synthesized  double  diazonium  salts  of  copper 
and  cobalt.  In  Table  1  are  set  forth  the  results  obtained  for  the  absorption  spectra  in  the  solid  state  in  the  form  of  a 
paraffin  oil  paste.  The  table  includes  comparative  data  for  the  initial  aryldiazonium  chlorides. 

We  see  from  these  data  that  the  absorption  of  the  cobalt  and  copper  salts  in  the  2100-2300  cm"^  region  due  to 
the  N  =  N  bond  has  the  features  characteristic  of  double  diazonium  salts  of  other  metals  [2],  i.e.,  the  bands  are  lower 
than  those  of  the  corresponding  aryldiazonium  chlorides  and  the  displacement  is  within  the  usual  limits.  The  ab¬ 
sorption  band  is  complex  -  two  peaks  or  lack  of  symmetry. 

We  investigated  the  electronic  spectra  of  double  diazonium  salts  of  copper  and  cobalt  chlorides  with  benzene- 
diazonium,  p-toluenediazonium,  and  p-chlorobenzenediazonium  chlorides  in  methanol  solution.  Results  are  set  forth 
in  Tables  2  and  3.  In  Table  2  the  absorption  characteristics  of  the  initial  aryldiazonium  chlorides  are  included  fcr 
comparison.  The  spectra  of  the  double  salts  of  p-toluenediazonium  chloride  with  copper  and  cobalt  chlorides  are 
plotted  in  Fig.  1.  The  spectrum  of  p-toluenediazonium  chloride  itself,  plotted  in  methanol,  is  included  in  the  figure 
for  comparison. 

We  see  that  in  the  ultraviolet  region  (30,000-40,000  cm'^)  the  spectrum  of  the  double  diazonium  salt  retains 
the  form  characteristic  of  the  aryldiazonium  chloride  itself.  In  the  10,000-30,000  cm"^  region  the  spectrum  of  the 
double  diazonium  salts  of  both  copper  and  cobalt  contains  additional  absorptior  bands  of  medium  intensity.  It  should 
be  noted  that  the  band  characteristic  of  aryldiazonium  cations  is  also  :eta  led  "n  the  spectra  of  double  diazonium 
salts  of  other  metals.  We  investigated  [3]  the  electronic  spectra  of  double  diazo.iium  compounds  of  salts  of  zinc. 
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TABLE  1.  Absorption  Maxima  of  die  N  »  N  Triple  Bond  of  Doii>le  Diazonium  Salts  of  Bi¬ 
valent  Copper  and  Cobalt  (Paste  in  paraffin  oil) 


*1:1  composition. 

*  *  The  spectrum  could  not  be  plotted  due  to  the  great  instability  of  the  compound. 


cadmium,  mercury,  and  antimony  with  benzene-,  p-toluene,  and  p-chlorobenzenediazonium  compounds  and  satisfied 
ourselves  that  the  spectra  of  these  salts  resembled  the  spectrum  of  the  initial  compound.  Anderson  and  Steedly[4] 
similarly  established  the  similarity  between  the  spectra  of  double  salts  of  zinc,  mercury,  and  antimony  with  p-amino- 
benzenediazonium  and  its  N-aryl-,N-acyl-,  N-dlalkyl-,  and  N-alkyl-N-acyl  derivatives  on  the  one  hand  and  the 
spectra  of  the  initial  compounds  on  the  other.  We  may  therefore  assume  that  the  absorption  bands  developed  in  the 
spectrum  of  double  diazonium  salts  of  cobalt  and  copper  in  the  10,000-30,000  cm"'  region  are  associated  with  the 
nature  of  the  metal. 


Fig.  1.  Electronic  absorption  spectra  in 
methanol.  1)  p-CHsQH^NjCl;  2)  p- 
CHj-C6H4N2C1)4  •  CoCl,;  SXp-CH,  - 
-QH4N2a)feCuCl,. 


Fig.  2.  Electronic  abscxption  spectra.  1) 
(p-CHsQH4N2Cl)2CuCl2  in  CHgOH;  2) 
(p-CH3QH4N2Cl)2CuCl2  in  CHjOH  +  HCl; 
3)  CuCIb  in  CHsOH;  4)  CuCIj  in  CH3OH  + 
+  HCl. 
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TABLE  2.  Electronic  Absorptron  Spectra  of  Bivalent  Cobalt  Salts  in  Alcohol  and  in  Alcohol  Containing  Hydrochloric  Acid 

Solvent  CHjOH  _ ghjOH  -t-  hci _ 

Compound  coci,  |  i  ji-i-cocij  ii  I  ir  +  Coci,|  iii  |iii4-cori,  coci,  j  i  +  coci,  |  ii 4-CoCi,|iin-Coci, 
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Note:  I)  CgHgNiCl;  II)  p-CH8C6H4N2a;  III)  P-CIQH4N2CI. 


We  know  from  the  chemistry  of  complex  compounds  that  ions  of  metals  whose  d -shells  are  not  filled  differ 
from  ions  of  metals  with  filled  d -shells  in  absorbing  in  the  visible  region.  The  character  of  this  absorption  changes 
after  complex  formation,  and  also  on  change  in  the  addends.  We  can  therefore  attempt  to  clarify  the  problem  of  the 
direct  encirclement  of  the  metal  in  double  diazonium  salts  on  the  basis  of  the  spectra  of  the  double  diazonium  salts 
of  copper  and  cobalt.  If  the  double  diazonium  compounds  of  cobalt  and  copper  have  an  ionic  structure,  i.  e., 
(ArNiCli^CMeClj"*,  we  should  expect  tfie  absorption  in  the  spectra  of  these  compounds  to  be  associated  with  the 
diazo  cation  and  the  complex  [MeClJ"*.* 

We  see  from  Fig.  1  that  the  diazo  cation  is  clearly  represented  in  the  spectra  of  double  diazonium  salts. 

With  the  objective  of  clarifying  the  nature  of  the  absorption  of  double  diazonium  salts  of  copper  and  cobalt  in 
the  10,000-30,000  cm"*  region,  we  studied  the  changes  taking  place  in  the  spectra  of  these  compounds  and  in  the 
spectra  of  copper  and  cobalt  chlorides  themselves  in  solution  in  alcoholic  alone  and  in  hydrochloric  acid -containing 

alcohol.  Results  of  these  measurements  are  set  forth  in  Tables  2  and  3. 
The  corresponding  spectra  of  the  double  salts  with  p-toluenediazonium 
chloride  are  plotted  in  Figs.  2  and  3. 

We  see  that  absorption  in  the  case  of  each  of  the  cobalt  com¬ 
pounds  occurs  in  the  19,000  cm  "*  region  and  this  may  be  attributed  to 
transitions  in  the  unfilled  d -shell  of  the  cobalt  ion.  The  band  in  the 
15,000  cm"*  region  characterizes  the  absorption  that  Kiss  associates 
[5]  with  the  [CoCLJ"^  anion.  This  absorption  is  developed  for  double 
diazonium  salts  of  cobalt  only  in  methanol  containing  hydrochloric 
acid.  We  may  therefore  infer  that  the  [CoClJ"^  anion  only  exists  in 
this  solvent  for  double  diazonium  salts.  The  band  in  the  spectrum  of 
double  diazonium  salts  of  cobalt  in  alcohol  at  27,000  cm"*  has  no 
analog  in  the  spectrum  of  cobalt  chloride  in  alcohol  alone  or  in  acid- 
containing  alcohol.  Bands  of  similar  position  and  intensity  are  ob  - 
served  with  complex  compounds  of  cobalt  whose  complex  unit  con¬ 
tains  nitrogen  atoms.  Ethylenediamine  complexes  of  cobalt  [7],  for 
example,  absorb  at  28,100  cm"*  with  an  intensity  of  e  =  200. 

A  similar  picture  is  observed  for  double  diazonium  salts  of  cop¬ 
per.  Both  in  alcoholic  solution  and  in  alcohol  with  hydrochloric  acid, 
the  diazocations  absorb  (band  in  the  30,000-40,000  cm"*  region).  The 
broad  band  at  10,500  cm"*,  developed  in  each  case,  may  be  associated 
with  forbidden  transitions  in  the  d -shell  of  the  copper  ion.  As  in  the 
case  of  cobalt  compounds,  the  copper  compounds  display  absorption 
in  the  20,000  cm"*  region  which  has  no  analogs  in  copper  chloride 
spectra  either  in  methyl  alcohol  or  in  methyl  alcohol  +  hydrochloric  acid.  This  band  disappears  in  the  spectra  of 
solutions  in  methyl  alcohol  +  hydrochloric  acid  and  at  the  same  time  a  band  is  developed  in  the  25,000  cm"*  region 
which  is  characteristic  of  absorption  of  the  [CuClJ"*  ion.  Absorption  in  the  20,000  cm"*  region  is  observed  in  amine 
complexes  of  copper  [8]. 

The  following  interpretation  may  be  placed  on  the  experimental  results:  The  electronic  spectra  of  double  di¬ 
azonium  salts  of  cobalt  and  copper  clearly  reflect  the  presence  of  the  diazocation  in  all  solvents,  whereas  the  ab¬ 
sorption  characterizing  the  [MCIJ"*  ion  is  developed  only  in  solution  in  methyl  alcohol  +  hydrochloric  acid.  The 
band  observed  in  methyl  alcohol  solution  in  the  27,000  cm"*  region  for  cobalt  salts  and  in  the  20,000  cm"*  region 
for  copper  salts  characterizes  another  "non-ionic"  structure  of  the  double  diazonium  salts  of  cobalt  and  copper.  The 
disappearance  of  this  absorption  in  hydrochloric  acid  solutions  and  the  simultaneous  appearance  of  a  band  charac  - 
terizing  the  [MCI4]"*  anion  show  that  the  "non-ionic"  structure  is  unstable  and  breaks  down  easily  under  the  action 
of  hydrochloric  acid.  We  can  confidently  assert  that  in  hydrochloric  acid  solutions  the  double  diazonium  salts  are 
dissociated  since  the  absorption  corresponds  to  the  diazocation  [ArNjJ^  and  the  [MCI4]"*  anion. 


Fig.  3.  Electronic  absorption  spectra.  1) 
(p-CH3C6H4N2Cl)2CoCl2  in  CH3OH;  2)  (p- 
CH3QH4N2Cl)2CoCle  in  CH3OH  +  HCl;  3) 
CoClg  In  CH3OH;  4)  CoCla  in  CH3OH  + 

+  HCl. 


*  Kiss  [5]  demonstrated  the  possibility  in  principle  of  recording  of  the  absorption  of  the  [MeCl4]"*  anion  in  the  case 
of  cobalt.  Evidence  was  similarly  adduced  by  Yatsimirskii  [6]  for  copper  in  hydrochloric  acid  solutions. 
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TABLE  4.  Double  Diazonium  Salts  of  Copper  (p-XC6H^2d)mCuCle 


X 

Empirical  formula 

•/«  c 

%  u 

found 

calc.  ' 

J 

^  found 

1 

calc. 

II 

( >  1 0 1 1 1 0  N\|  C 1 4  ( .  1 1 

.14.07 

2..59,  2.0.5 

2  42 

CII;, 

('14II  |4iN4Cl4C.U 

;i7.7s.  ;{7.r)j) 

;i7.‘H) 

.9.49 ,  .9.00 

3.1s 

Cl 

C|o  II  ^N4(.lg(.U 

29.94 

1.S9,  1.99  1 

1.00 

Hr 

Cnll4N>ChHr(:ti 

20.17,  20.:i4 

20.:i0 

0.99,  l.(Hi 

1.13 

CJI-^OOC 

C|j;llij)04i\4(.l4Cu 

;18.29,  8.^20 

90.02 

3.14,  3.17 

3.24 

TABLE  5.  Double  Diazonium  Salts  of  Cobalt  (p-XQH4N2Cl)inCoCl2 


X 

Empirical  formula 

Vo  c 

V.  H 

found 

calc. 

found 

calc. 

II 

(.«|o{l  ^oN4(.1.jC..O 

3.5.20,  .9.5.34 

3.5.00 

2.23,  2.44 

2.45 

CIL, 

(:,4nHN4Ci4Co 

30.08,  .90.20 

30.30 

2.94,  3.02 

3.21 

Cl 

(:,.,iIs.N4CM:o 

30.31,  30.2.5 

30.1.5 

1.00,  1.00 

1.08 

Mr 

C«ll4.N.2CI.,nrCo 

20.30,  20.4,5 

20.03 

1.15,  1.11 

1.15 

Cjll-.OOC 

.98.03,  30.0.5 

30.44 

.9.43,  3.40 

3.20 

.\o., 

C,.Jl4<()4N,,Cl4C.. 

20..50.  20.00 

20.17 

1.02,  1.07 

1.00 

The  results  of  the  present  and  the  preceding  [2]  investigations  shows  that  the  structure  of  double  diazonium 
salts  both  in  the  solid  state  and  in  solutions  is  not  as  simple  as  had  hitherto  been  assumed.  The  hypothesis  that  a 
direct,  although  relatively  weak,  bonding  of  the  metal  with  the  nitrogen  atom  of  the  diazonium  group  is  possible  is 
supported  by  the  dependence  of  the  absorption  band  of  the  N  =  N  bond  on  the  metal  and  its  valence  in  the  case  of 
the  solid  compounds,  and  on  the  development  in  solutions  of  copper  and  cobalt  salts  of  an  absorption  similar  to  that 
of  corresponding  compounds  whose  complex  grouping  contains  a  nitrogen  atom. 

EXPERIMENTAL 

Spectra.  The  infrared  spectra  were  obtained  with  a  single -beam  IKS-12  spectrophotometer  with  a  lithium 
fluoride  prism.  Specimens  were  prepared  in  the  form  of  a  thick  suspension  in  paraffin  oil.  The  ultraviolet  spectra 
were  obtained  with  a  SF-4  spectrophotometer. 

Spectra  of  solutions  of  double  diazonium  salts  of  Cu^^  and  Co^^,  due  to  their  great  instability  in  dilute  solutions, 
were  obtained  in  the  following  manner:  A  solution  of  CUCI2  or  CoC]2  of  the  necessary  concentration  was  made  up  in 
anhydrous  alcohol,  and  a  solution  of  aryldiazonium  chloride  in  anhydrous  alcohol  was  separately  made  up  in  double 
the  concentration  (since  the  double  diazonium  salts  of  Cu^^  and  Co^'*’  have  2  :  1  composition).  Equal  volumes  of  the 
two  solutions  (about  1.5  ml  of  each)  were  then  mixed  in  the  spectrophotometer  cell,  the  latter  was  inserted  in  the 
instrument,  and  the  spectra  plotted.  The  duration  of  preparation  of  the  solutions  was  not  more  than  15  sec,  and  the 
spectra  were  taken  in  not  mcare  than  one  minute.  A  fresh  solution  was  then  prepared  by  the  above  method. 

Synthesis  of  preparations.  Double  diazonium  salts  of  bivalent  copper  and  cobalt  are  easily  prepared  by  running 
together  cooled  alcoholic  solutions  of  aryldiazonium  chlorides  and  metal  chlorides.  The  aryldiazonium  chloride  was 
prepared  in  ahydrous  methanol.  A  cooled,  saturated  solution  of  cobalt  or  copper  chlwide  in  anhydrous  methanol  was 
stirred  into  a  solution  (cooled  to  -10°)  of  aryldiazonium  chloride  in  the  minimum  quantity  of  methanol.  Solutions 
were  prepared  with  molar  ratios  of  2  :  1,  i.e.,  0.01  mole  of  aryldiazonium  chloride  and  0.005  mole  of  metal  chloride. 
Crystals  of  the  double  salt  came  down  immediately  (or  sometimes  after  a  short  period)  when  the  solutions  were  mixed. 
Yield  55-80^0.  The  precipitate  was  quickly  filtered  off  and  washed  twice  with  cooled  anhydrous  methanol  and  ab¬ 
solute  ether.  The  double  salt  was  dried  in  a  vacuum -desiccator  over  phosphon  s  pentoxide.  Analyses  of  the  prepared 
double  diazonium  salts  of  copper  and  cobalt  are  set  forth  in  Tables  4  and  5. 
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SUMMARY 

1.  Double  diazonium  salts  of  chlorides  of  cobalt  and  copper  were  prepared  with  benzene-,  p -chlorobenzene-, 
p-bromobenzene-,  toluene-,  p -nitrobenzene-,  and  p-carbethox^ybenzenediazonium  chlorides. 

2.  The  infrared  spectra  of  these  salts  were  studied  in  the  solid  state  in  the  region  of  the  N  =  N  valence  vibra¬ 
tions. 

3.  The  electronic  spectra  were  studied  in  solutions  in  methyl  alcohol  and  methyl  alcohol  +  hydrochloric  acid. 

4.  The  hypothesis  of  bonding  of  metal  with  the  nitrogen  of  the  diazonium  group  in  molecules  of  double  di¬ 
azonium  salts  of  Co*^  and  Cu*"*^  is  proposed  on  the  basis  of  the  electronic  and  vibrational  spectra. 
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In  the  preceding  publications  [1-4]  it  was  shown  that  the  valence  vibration  frequencies  of  the  N  =  N  bond  in 
double  salts  of  metal  chlorides  and  aryldiazonium  chlorides  with  substituents  in  the  para -position  of  the  ben25ene  ring 
[(ArN2Cl)fn(MCln)p]  depends  on  the  character  of  the  substituent,  on  the  nature  of  the  metal  and  its  valence,  and  on 
the  ratio  of  m  to  p. 

In  the  present  work  we  investigated  double  diazonium  salts  whose  benzene  ring  contains  substituents  in  the  ortho- 
and  m  eta -position.  We  also  studied  the  infrared  spectra  in  the  2100-2300  cm"'  region  of  compounds  XC6H4N2CI  • 
•MCln  where  X  =  o-ClljO,  0-CH3,  m-CHg,  o-Cl,  0-COOC2H5,  o-NOj,  m-NO^;  M  =  Zn'"^,  Cd^"^,  Pb**",  Sb®"^,  Cu*"^, 
Co*"^,  Fe%. 

We  obtained  the  spectra  of  the  double  diazonium  salts  in  this  region  both  for  the  solid  compounds  (paste  in 
paraffin  oil)  and  for  the  solutions  in  methanol.  Results  of  measurements  are  set  forth  in  Table  1.  The  compounds 
were  synthesized  by  the  methods  described.  Table  1  includes,  for  comparison,  data  relating  to  the  corresponding 
aryldiazonium  chlorides  and  borofluorides,  as  well  as  data  for  double  salts  of  benzenediazonium  chloride  itself  taken 
from  an  earlier  paper  [1]. 

We  see  from  Table  1  that  in  methanol  solutions  the  position  of  the  N  =  N  absorption  maximum  1/  =  n  for 

a  given  substituent  is  constant  (within  the  limits  of  experimental  error)  in  the  case  of  aryldiazonium  chlorides,  their 
borofluorides,  and  the  investigated  double  diazonium  salts.  Such  an  effect  can  only  be  explained  on  the  assumption 
that  the  aryldiazonium  chlorides,  the  borofluorides,  and  the  double  diazonium  salts  with  chlorides  of  metals  are  dis¬ 
sociated  in  solution  into  the  diazonium  cation  ArN2  and  the  corresponding  anion  [Cl",  BF4",  (MCln  +  i)~]*  Averaged 
values  of  the  N  =  N  frequency  for  the  respective  diazocations  are  set  forth  in  Table  1. 

Table  2  is  compiled  on  the  basis  of  the  present  results  and  of  the  earlier  investigations  of  the  absorption  in  the 
2100-2300  cm"'  region  for  solutions  of  aryldiazonium  compounds  in  methanol.  Substituents  are  arranged  in  order  of 
increasing  value  of  ujsj  =  jsj.  This  table  shows  that  a  definite  regularity  occurs  in  respect  to  the  influence  of  sub¬ 
stituents  in  the  aromatic  ring  on  the  position  of  the  absorption  band  of  the  triple  bond:  Electronegative  substituents 
lower  the  frequency  of  the  absorption  band,  while  electropositive  substituents  increase  it.  The  order  of  the  sub¬ 
stituents  in  the  table  (CH3O,  CH3,  Cl,  H,  C2H5OOC,  NO2)  is  also  the  order  of  decreasing  electron-donating  ability  of 
the  substituents.  The  =  jy[  frequencies  for  aryldiazonium  chlorides  in  the  solid  state  retain  the  value  diaracter- 
isuc  of  the  diazocation;  this  is  in  harmony  with  the  ionic  structure  of  solid  aryldiazonium  chlorides  which  was  reveal¬ 
ed  by  x-ray  analysis  in  the  case  of  benzenediazonium  chloride  [5]. 

As  far  back  as  1897,  Hirsch  [6]  reported  that  difficultly  crystallizable  oils  were  very  frequently  obtained  instead 
of  crystalline  compounds  during  synthesis  of  aryldiazonium  compounds  in  presence  of  hydrochloric  acid.  He  put  for¬ 
ward  the  hypothesis  that  they  were  complex  compounds  of  the  diazonium  chloride  with  hydrochloric  acid  of  the  type 
of  ArN2Cl  •  nHCl.  Hantzsch  [7]  later  reported  the  isolation  of  a  series  of  such  complexes. 

During  the  synthesis  of  o-anisyl-  and  o-carbethoxybenzenediazonium  chlorides  in  presence  of  hydrochloric 
acid  we  likewise  obtained  oils  which  very  slowly  crystallized  over  alkali  in  vacuo.  During  the  crystallization  period 
we  recorded  the  infrared  spectra  in  the  2100-2300  cm"'  (Fig.  1).  The  spectra  •  4  the  oily  products  had  an  absorption 
band  with  a  yjsi  =  N  frequency  somewhat  lower  than  that  of  the  of  tL  e  corresponding  diazocation.  Con¬ 

tinued  maintenance  of  the  oily  product  in  vacuo  over  alkali  led  to  the  appearance  in  the  spectra  of  a  second  band 


2751 


TABLE  1.  Maxima  of  Absorption  of  in  cm‘^  for  (XC6H4N2Cl)j^(MCl  ) 
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TABLE  2.  Relation  between  =  jg  cm"*  for  ArN^^  and  the  Substituent 
in  the  Benzene  Ring 


< 

2 

III 

Z 

Substitu¬ 

ent 

''n=n 

Substitu¬ 

ent 

’NsN 

Substitu¬ 

ent 

2263 

P-CHaoj  2282 

1' 

0-Cl  1  2298 

M 

P-COOC2H5 

2260 

2288 

;i 

p-Cl  •'  2299 

'1 

0-NO2 

2272 

0-CH3 

2290 

H 

JM-NO2 

2273 

P-CIlg 

2291 

0-COOC2H5 

P-NO2 

2280 

m-cn3  II 

1 

I 

1 

whose  position  coincided  with  that  of  the  corresponding  diazocation.  The  intensity  of  the  latter  band  increased  with 
passage  of  time,  while  that  of  the  first  band  decreased.  Finally  only  one  band  remained  for  the  solid  compounds  in 
the  region  of  N  =  N  triple  bonds,  and  this  band  corresponded  to  that  of  the  diazocation  in  character  and  position. 


Fig.  1.  Absorption  spectra  in  the  2100-2300  cm“*  region  of  complex  compounds 
of  aryldiazonium  chlorides  with  hydrogen  chloride. 

In  order  to  demonstrate  that  the  gradual  change  in  the  spec  tmmwasassociated  w’.th  loss  of  the  hydrogen  chloride 
which  had  been  bound  in  the  form  of  a  complex,  we  reprecipitated  o-carbethoxybenzenediazonium  chloride,  which 
had  been  crystallized  in  a  vacuum -desiccator  over  alkali,  with  ether  from  alcohol  saturated  with  hydrogen  chltxide. 
This  operation  again  led  to  formation  of  an  oil  whose  spectrum  was  identical  with  that  of  the  oily  complex  with  hy¬ 
drogen  chloride*  isolated  directly  from  the  reaction.  Reprecipitation  of  the  crystallized  sample  from  pure  alcohol 

*  Since  the  complex  compounds  ArN2Cl  •  nHCl  relatively  easily  lose  HCl,  we  could  not  characterize  them  by  analysis. 
The  analysis  of  a  specimen  which  had  remained  for  a  long  period  over  alkali  corresponded  to  o-carbethoxybenzene- 
diazonium  chloride. 
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did  not  change  either  its  state  of  aggregation  or  the  absorption  band  of  the  triple  N  =  N  bond.  The  hypothesis  of 
Hirsch  about  the  existence  of  complex  compounds  of  aryldiazonium  chlorides  with  hydrogen  chloride  is  therefore 
also  confirmed  by  the  infrared  spectra. 

The  results  enable  us  to  conclude  that  the  frequency  of  the  N  =  N  bond  absorption  band  changes  not  only  on 
formation  of  double  diazonium  salts  [1-4]  or  perhalides  [8],  but  also  on  formation  of  complex  compounds  with  hy¬ 
drogen  chloride.  The  lowering  of  the  N  =  N  frequency  by  20  cm"^  observed  for  o-nitrobenzenediazonium  chloride 
can  evidently  be  regarded  as  the  consequence  of  formation  of  such  a  complex. 


Fig.  2.  Absorption  spectra  in  the  2100-2300  cm"^  region  of  complex  com¬ 
pounds  of  aryldiazonium  chlorides  with  hydrogen  chloride. 


The  double  diazonium  salts  investigated  in  the  present  work,  in  the  form  of  a  paraffin  oil  paste,  mainly  have 
the  same  spectral  characteristics  of  the  triple  N  =  N  bond  as  the  corresponding  p-substituted  salts  which  we  studied 
earlier  [1].  The  position  of  their  N  =  N  absorption  band  thus  depends  to  the  same  extent  on  the  nature  of  the  sub¬ 
stituent  in  tlie  aromatic  ring  and  of  the  metal.  A  complex  structure  of  the  absorption  band  is  observed  in  a  series  of 
cases  for  double  salts  of  ortho-  and  meta -substituted  benzenediazonium  chlorides  as  well  as  for  their  para-analogs, 
although  this  spectral  characteristic  is  less  conspicuous.  In  Fig.  2  are  plotted  the  absorption  curves  in  the  region  of 
the  triple  bond  valence  vibrations  of  those  double  diazonium  salts  for  which  displacement  or  asymmetry  of  the  bands 
had  been  observed.  Only  one  symmetrical  absorption  band  is  observed  for  the  remaining  compounds  investigated  in 
the  present  work  (including  the  chlorides  and  borofluorides). 

The  double  diazonium  salts  of  ferric  chloride  with  o-nitro-  and  o-carbethoxybenzenediazonium  compounds, 
also  the  salt  of  antimony  pentachloride  with  o-carbethoxybenzenediazonium  chloride,  are  isolated  in  the  form  of  non 
crystallizing  oils.  The  spectra  of  solutions  of  these  compounds  in  methanol  exhibited  the  feature  described  above  - 
the  maximum  of  the  absorption  band  of  the  triple  N  =  N  bond  is  the  same  as  that  of  the  corresponding  diazocation; 
the  N  =  N  frequency  of  the  oily  compound  itself  is  lowered  by  approximately  the  same  amount  as  that  of  solid  salts 
of  the  given  metal  with  other  aryldiazonium  chlorides. 

On  the  basis  of  the  results  set  forth,  we  may  suggest  that  the  lowering  of  the  triple  bond  vibration  frequencies 
observed  during  formation  of  double  diazonium  salts  is  not  governed  by  the  characteristics  of  the  crystal  structure  of 
these  salts. 

The  maxima  of  the  i/jg  =  absorption  band  of  aryldiazonium  borofluorides,  measured  in  the  solid  state,  are 
systematically  lowered  by  6-22  cm"^  (except  for  nitrobenzenediazonium  compounds),  whereas  hitherto  we  have  only 
encountered  lowering  of  the  i/jg  =  ^  frequency  in  formation  of  complex  diazonium  compounds,  which  was  fully 
consistent  with  the  usual  lowering  of  the  valence  vibration  frequencies  of  groups  directly  linked  to  metal  in  complex 
compounds.  The  increase  of  the  frequency  of  borofluorides  is  evidently  associated  with  their  structural  features. 


EXPERIMENTAL 


The  absorption  spectra  were  measured  with  a  single -beam  IKS-4  spectrophotometer  with  a  lithium  fluoride 
prism.  The  instrument  was  calibrated  with  the  help  of  standard  spectra  of  atmospheric  moisture  with  carbon  di¬ 
oxide  and  gaseous  hydrogen  chloride.  Specimens  were  prepared  in  the  form  of  finely  triturated  substance  in  parafRn 
oil.  Spectra  of  solutions  were  measured  in  dry  methanol. 

Diazo  nitrogen  was  determined  by  the  volumetric  method  of  Rosenberger  [9],  Aryldiazonium  chlorides  corre¬ 
sponding  to  o-anisidine,  o-  and  m-toluidine,  o-chloroaniline,  o-carbethoxyaniline,  and  o-  and  m -nitroanilines  were 
prepared  by  Knocvenagcl's  method.  Borofluorldes  of  the  same  aryldiazonium  compounds  were  prepared  by  Starney’s 
method  [10]. 

Double  salts  of  cadmium,  zinc,  and  lead  chlorides  with  o-anisyldiazonium,  o-  and  m-toluenediazoniimi,  o- 
chloroljenzenediazonium  chlorides,  also  the  salts  (m -NO^QH4N2Cl)2PbCl4  and  (m-N02C;6M4N2Cl)^ZnCle,  were  pre¬ 
pared  by  the  methods  of  A.  N.  Nesmeyanov  and  K.  A.  Kocheshkov  [11]. 

The  following  salts  of  the  metals  in  question,  not  previously  described,  were  synthesized :  (o-C2Hi;OOCQH4N2Cl)2PbC 
lemon-yellow  crystals,  poorly  soluble  in  water,  decomp. p.  138”. 

Found  *70:  N  7.15,  7.40.  Ci8Hi804N4CL;Pb.  Calculated ‘f":  N  7.22. 

o-C2H500CCfin4N2Cl  •  CdCl2:  prepared  by  mixing  equimolar  quantities  of  an  alcoholic  solution  of  o-  carbedioxy 
benzenediazonium  chloride  and  a  saturated  aqueous  solution  of  cadmium  chloride.  Colorless,  stable,  amorphous  sub¬ 
stance,  readily  soluble  in  water  and  alcohol.  Decomp. p.  144-146°. 

Found ‘Vo:  N  6.88,  7.01.  CgllgOzNzClaCd.  Calculated  <70:  N  7.07. 

(o-C2n500CC6M4N2Cl)2ZnCl2:  prepared  like  the  preceding  salt  but  with  2  :  1  ratio  of  diazonium  chloride  to 
zinc  chloride.  The  compound  came  down  in  the  form  of  an  oil  on  precipitation  with  ether,  and  it  crystallized  in 
vacuo  over  phosphorus  pentoxide.  Similar  in  properties  to  the  preceding  salt.  M.p.  (decomp.)  105-106°. 

Found ‘7o;  N  9.93,  9.66.  Ci8ni804N4Cl4Zn.  Calculated '7‘’:  N  9.96. 

(m-NC^C(;!l4N2Cl)2  •  CdCl2:  prepared  by  running  together  an  alcoholic  solution  of  o-nitrobenzenediazonium 
chloride  with  a  saturated  aqueous  solution  of  cadmium  chloride  in  1  ;  2  molar  ratio,  followed  by  precipitation  of  the 
salt  with  ether.  A  colorless,  stable  substance  without  a  definite  decomposition  point. 

Found  C  25.70,  26.88;  11  1.74,  1.60.Ci2H8N6O4Cl4Cd.  Calculated  *70:  C  25.99;  H  1.45. 

Double  salts  of  ferric  chloride  with  o-chloro-  and  o-  and  m-nitrobenzenediazonium  chlorides,  also  with  m- 
toluenediazonium  chloride,  were  prepared  bv  the  procedure  of  A.  N.  Nesmeyanov  and  K.  A.  Kocheshkov  [11]. 

o-CH3CXr8H4N2Cl.  FCCI3  was  synthesized  by  tlie  method  of  [12].  M.  p.  (decomp.)  102X 

Found  %:  N  8.47  C7H7ON2.  CI4  Fe.  Calculated  N  8.67 

J-C2H5OOCC6H4N2CI.  FeCl3  was  prepared  like  the  preceding  salt.  A  green,  stable  oil  which  failed  to  crystallize 

Found  <70:  N  7.45.  7.41.  C9H9O2N2CI4  Fe.  Calculated  ^o;  N5.96. 

The  double  salts  of  antimony  pcntachloride  and  o-chloro-  and  o-  and  m-nitrobenzenediazonium  chlorides  were 
prepared  by  O.  A,  Reutov’s  method  [13]. 

0-CIQH4N3CI  •  SbClg,  decomp. p.  160-162°. 

Found  <70:  N  5.66,  5.65.  C6H4N2Cl7Sb.  Calculated  N  5.96. 

New  salts  were  prepared  by  the  same  procedure. 

0-CM3OC6M4N2CI  •  SbClg:  a  stable,  colorless,  amorphous  substance.  It  came  down  as  an  oil  which  solidified 
when  rubbed.  Decomp. p.  147-149°. 

Found ‘7o:  N  5.95,  5.80.  CTHTONjClgSb.  Calculated ‘7o:  N  5.96. 

0-CH3QH4N2CI  •  SbClg:  an  unstable  crystalline  substance  with  a  grayish  tinge,  very  highly  soluble  in  acetone. 
Decomp. p.  73-75°. 

Found  <70;  N  6.01,  6.08.  C^l{^N2CkSb.  Calculated  ‘7o:  N  6.17. 
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0-C1HSOOCQH4N2CI  •  SbClj:  The  brownish,  unstable  diazonium  oil  (from  0.01  M  amine  hydrochloride,  1.7  ml 
isoamyl  nitrite,  and  15  ml  dry  methanol  in  presence  of  a  few  drops  of  CH3OH  +  HCl)  was  mixed  at  -5  to  -10*  with 


TABLE  3.  Double  Diazonium  Salts  of  Copper  (XC6H4N2Cl)mCuCl2 


Form 

1 

Fusion 

Empirical 

formula 

Diazo  nitrogen 
content  _ 

X 

point  with 
decomp. 

found 

calc. 

O-CII30 

2 

Yellow-orange 

119-120° 

Cj4  H  ]402N4Cl4Cu 

11.73,  11.74 

11.77 

.-cn. 

2 

Yello^uns\able 

crystals 

70 

CmH,4N4C14Cu 

13.32,  13.20 

12.62 

o-CI 

t 

Yellow  crystals 

103—105 

Cq  1 1 4  N  2C I4C  U 

9.25,  9.19 

9.02 

o-CJlsOOC 

1 

Black- green 
crystals 

- 

C9H<j02N2Cl3Cu 

8.13,  8.15 

8.07 

0-C2H500C 

2 

Yellow  crystals 

79-81 

in  alcohol 

^18^  J804N4(J4Cu 

9.87,  10.00 

10.05 

o-NOj 

1 

Light- yellow 
crystals 

90 

by  explosion 
by  explosior 

C(jIl402N2CljCu 

8.70,  7.79 

8.75 

.0-NO2 

2 

1 

1 

Yellow,  rapidly 
darkeningcrystals 

at  90° 

by  explosion 

1-^42 8^4 

11.15,  11.05 

11.08 

n  -CH3 

1 

Yellow,  unstable 
substance 

at  90‘ 

C7  H  7  N2CI3CU 

9.77,  9.86 

9.68 

n  NOa 

2 

Yellow  substance 

69-70 

C12H  8D4N6CUCU 

10.71,  10.92 

11.08 

TABLE  4.  Double  Diazonium  Salts  of  Cobalt  (XQH4N2Cl)mCoCl2 


X 

m 

Form 

iFusion 

point(wIfh 

dccomp.) 

Empirical 

formula 

Diazo  nitroj 
-■content  (%j 

found 

Jen 

1 

calc. 

0-CII30 

2 

Blue- green  crystals 

140-141° 

^14  J4O2N4CI4C0 

12.05,  11.98 

11.90 

0-Cl 

1 

Blue -green  crystals 

136-1.37 

C.^  11 4  N2CI3C0 

9.00,  9.02 

9.18 

o-CjMsOOC 

2 

Blue- green  crystals 

102-103 

Cl8^^  18^4^401400 

10.01,  9.84 

10.09 

0-NO2 

2 

Green  crystals 

129-131 

Cj2 11 804^60^400 

11.31,  11.36 

11.18 

m  -CH3 

1 

Blue- green  unstable 
crystals 

80-90 

C7  H  7N2CI3C0 

10.07,  10.05 

9.84 

m  -NO2 

2 

Green  crystals 

125-126 

01211804*^ r.OliCo 

11.07,  11.11 

1 

i 

11.18 

a  cooled,  saturated  methanolic  solution  of  0.005  or  0.01  M  (in  dependence  on  the  composition  of  the  resulting  salt) 
copper  chloride  or  cobalt  chloride.  The  double  salt  usually  came  down  immediately  after  the  mixing  of  the  com¬ 
ponents,  or  it  was  precipitated  with  ether.  Oils  separated  in  the  cases  of  the  o-carbethoxybenzenediazonium  and  o- 
and  m-nitrobenzenediazonium  compounds,  and  these  crystallized  on  trituration  and  cooling.  The  crystals  were  washed 
with  a  mixture  of  alcohol  and  ether  and  then  with  ether,  and  dried  in  vacuo  over  phosphorus  pentoxide.  Yield  60-90f7o. 
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Cobalt  salts  were  purified  by  recrystallization  or  by  reprecipitation  with  ether  from  dry  Cl^OH  +  HCl.  Copper  salts 
were  recrystallized  from  CllaOH  +  HCl  +  CUCI2.*  Analyses  and  constants  of  the  synthesized  double  compounds  are 
set  forth  in  Tables  3  and  4. 

SUMMARY 

1.  The  absorption  of  double  diazoniiim  salts  with  substituents  in  the  ortho-  and  m eta -positions  is  studied  in  the 
2100-2300  cm’^  region.  The  frequency  of  the  N  =  N  valence  vibrations,  like  that  of  the  ortho -ana logs,  is  shown  to 
depend  on  the  nature  of  the  metal,  on  the  substituent  in  the  benzene  ring,  and  on  the  ratio  of  components. 

2.  Absorption  in  the  2100-2300  cm"*  region  of  alcoholic  solutions  of  the  double  salts  is  systematically  in¬ 
vestigated.  It  is  shown  that  diazonium  salts  are  dissociated  in  solution  with  formation  of  diazocations. 

3.  The  position  of  the  absorption  band  of  the  diazocations  depends  on  the  substituent  in  the  benzene  ring,  elec¬ 
tronegative  substituents  raising  and  electropositive  substituents  lowering  the  N  =  N  frequency  vibrations  in  compari¬ 
son  with  die  frequencies  in  the  unsubstituted  benzene  ring.  Substituents  are  arranged  in  the  following  sequence  of 
increasing  ability  to  raise  the  N  =  N  frequency:  CM3O,  CII3,  Cl,  II,  COOC^Hg,  NC\. 

4.  It  is  shown  that  formation  of  products  of  addition  of  hydrogen  chloride  to  aryldiazonium  chlorides  leads  to 
lowering  of  the  N  =  N  vibration  frequencies  in  comparison  with  the  initial  aryldiazonium  chlorides. 
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odical  literature  may  well  be  available  irt  English  translation.  A  complete  list  of  the  cover- to- 
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•  Good  results  f(x  nitrogen  determinations  in  double  diazonium  salts  of  copper  were  only  obtained  after  reprecipi¬ 
tation  with  ether  from  CH3OH  +  HCl  +  CuClg. 
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The  sequence  of  addition  of  water  under  the  conditions  of  the  Kucherov  reaction  to  acetylenic  hydrocarbons 
of  various  structures  depends  in  great  measure  on  their  structure. 

Monosubstituted  acetylenes  give  only  methylketones.  Disubstituted  acetylenes  usually  give  approximately  equal 
quantities  of  the  two  possible  ketones.  However,  the  presence  of  a  tertiary  butyl  radical  at  the  triple  bond  is  ac¬ 
companied  by  predominant  formation  of  alkyl  tertiary  butyl  ketone  [1], 

Water  adds  on  to  vinylacetylene  with  formation  of  methyl  vinyl  ketone.  The  sequence  of  addition  of  water  is 
reversed  if  an  acetylenic  hydrogen  is  replaced  by  a  methyl  radical,  and  methyl  propyl  ketone  is  the  predominant  prod¬ 
uct.  A  further  change  occurs  in  the  sequence  of  addition  of  water  if  one  more  methyl  radical  is  attached  to  the  vinyl 
group:  hydroxyl  joins  on  to  the  acetylenic  carbon  linked  to  the  isopropenyl  radical  [2]. 

All  these  features  of  the  direction  of  addition  of  water  to  acetylenic  hydrocarbons  might  be  explained  in  terms 
of  the  effect  of  kinetic  factors  during  formation  of  an  intermediate  complex,  and  more  especially  the  effect  of  steric 
liindrance. 

In  continuation  of  the  systematic  study  of  the  hydration  of  acetylenic  compounds,  we  carried  out  experiments 
on  the  addition  of  water  to  methyl-,  ethyl-,  propyl-,  isopropyl-,  and  tertiary  butylphenylacetylenes  in  presence  of 
HgS04  or  sulfuric  acid. 

Hydration  of  alkylphenylacetylenes  can  be  expected  to  lead  to  fcx’mation  of  two  types  of  ketones- alky Iphenyl 
ketones  (I)  or  alkylbenzyl  ketones  (II).  The  first  direction  of  hydration  was  probable  since  alkylphenylacetylenes 
resemble  isopropylmethylacetylene  in  structure. 


H_C=C-CcIl5-l 


n-Cllo-r.O— Cells  -  (I) 
H-CO-CHa-Cells  (II) 


Experiments  showed  that  in  all  cases  alkylphenyl  ketones  are  indeed  formed  (in  a  purer  state  in  presence  only 
of  sulfuric  acid). 

The  conclusions  about  the  structure  of  the  resulting  ketones  was  based  on  comparison  of  their  constants  and 
infrared  spectra  with  the  corresponding  data  for  authentic  specimens.  We  had  in  our  possession  in  two  cases  (methyl - 
phenyl  and  propylphenylacetylenes)  both  of  the  possible  isomeric  ketones. 

The  most  essential  differences  in  the  infrared  spectra  of  the  isomeric  ketones— possible  products  of  hydration  of 
alkylphenylacetylenes -are  the  consequence  of  ketones  (I)  containing  a  carbonyl  group  conjugated  with  the  benzene 
ring  which  is  associated  with  strong  bands  in  the  1660-1690  cm"^  region,  whereas  ketones  of  type  (I)  contain  an  un- 
conjugated  carbonyl  group  and  absorb  at  1700-1760  cm“^.  Due  to  the  conjugation,  the  bands  corresponding  to  the 
benzene  ring  are  considerably  weaker  in  the  first  case  than  in  the  second. 

The  isomeric  ketones  also  differ  considerably  in  respect  to  the  character  and  intensity  of  absorption  in  the  900- 
1500  cm"^  region.  Methyl  benzyl  ketone,  for  example,  is  characterized  by  extremely  strong  absorption  bands  at 
1148  and  1492  cm'^,  which  are  associated  with  the  presence  of  the  acetyl  and  benzyl  groupings.  At  the  same  time 
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ftercent  transmission 


m  1200  1000  800  cm'* 


mo  1200  1000  800  cm-» 


the  spectrum  of  ethyl  phenyl  ketone  contains  the 
strong  951  and  1378  cm*^  bands  which  are  absent  from 
the  spectrum  of  the  above-mentioned  isomeric  ketone 
(Fig.  1).  Similarly  propyl  benzyl  ketone  absorbs  strong¬ 
ly  at  1492  cm"^,  butyl  phenyl  ketone  at  967,  1180, 

1250,  and  1262  cm'^  (Fig.  2). 

In  all  cases  the  infrared  spectra  of  products  of 
hydration  of  alkylphenylacetylencs  in  presence  of 
112804  are  substantially  indistinguishable  from  the 
spectra  of  authentic  alkyl  phenyl  ketones.  No  ap¬ 
preciable  intensification  of  absorption  in  the  region 
of  strong  frequencies  of  other  possible  isomers  was 
observed. 

Hydration  in  presence  of  ngS04  gave  ketones 
with  the  same  structure  but  evidently  not  entirely 
free  of  the  second  possible  isomer.  They  absorbed 
weakly  in  the  1700-1760  cm"^  region  and  also  in  the 
region  of  other  strong  frequencies  of  this  isomer.  In 
the  infrared  spectrum  of  the  product  of  hydration  of 
mcthylphenylacetylene,  for  example,  there  is  a  rise 
at  about  1150  and  1490  cm'*  in  comparison  with  an 
authentic  sample.  Examination  of  authentic  mix¬ 
tures  of  ethyl  phenyl  and  methyl  benzyl  ketones  showed 
that  the  content  of  impurity  was  less  than  5°lo, 

It  has  thus  been  demonstrated  that  the  direction 
of  addition  of  water  to  various  alkylphenylacetylenes 
corresponds  to  the  direction  of  hydration  of  isopro- 
phenylalkylacetylenes  irrespective  of  the  structure  of 
the  alkyl. 

This  law  could  be  associated  witli  the  character 
of  the  electron  density  distribution  in  molecules  of 
alkylphenylacetylenes  or  with  the  effect  of  steric  fac¬ 
tors. 

It  may  be  postulated  that  an  electron  density 
r\  o 

shirt  represented  by  R  -  C  =  C  -  ,  takes  place  in 

molecules  of  alkylphenylacetylenes  since  hydrocarbon 
radicals  only  function  as  electron  donors  while  the 
phenyl  radical  can  both  repel  and  accept  electrons. 
However  the  dipole  moments  of  methylphenylacetylene 


Fig.  1.  Infrared  transmission  spectra.  1)  Product  of 
hydration  of  methylphenylacetylene  in  presence  of 
mercuric  sulfate;  2)  product  of  hydration  of  methyl¬ 
phenylacetylene  with  80^0  sulfuric  acid;  3)  ethyl 
phenyl  ketone  (sample);  4)  methyl  benzyl  ketone 
(sample);  5)  product  of  hydration  of  ethylphenyl- 
acetylene  in  presence  of  mercuric  sulfate;  6)  prod¬ 
uct  of  hyd’  atioi  of  ethylphenylacetylene  with  8(flo 
sulfuric  acid; '’)  oropyl  phenyl  ketone  (sample). 
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Percent  transmission 


(0.37  D)  and  of  tert.  but)iphen\ iaceuleno  (0.57  D* 
were  found  to  be  smaller  than  the  moments  of  methyl - 
and  phenylacetylene-s  [3,  4}.  This  result  may  reflect 
the  opposing  effects  of  the  two  radicals  at  the  triple 
bond. 

The  decisive  effect  on  the  polarization  of 
molecules  of  alkylphenylaceu  lenea  at  the  instant  of 
reaction  is  most  probably  exerted  not  by  the  o  ,  r  - 
conjugation  of  the  triple  bond  with  the  methyl  group, 
but  the  IT  ,ir  -conjugation  of  the  benzene  ring  with  the 
triple  bond  which  favors  formation  of  a  transition  com¬ 
plex  of  the  following  type; 


or 


Steric  factors  evidently  do  not  play  important 
part  since  the  structure  of  the  alkyl  radicals  does  not 
influence  the  sequence  of  addition  of  water. 

EXPERIMENTAL 

Methyl-,  ethyl-,  and  propylphenylacetylenes 
were  prepared  by  the  action  of  the  corresponding  alkyl 
bromides  on  sodium  phenylacetylide  in  liquid  am¬ 
monia.  Tert.butyTphenylacetylene  was  prepared  by 
the  action  of  tertiary  butyl  bromide  on  phenylacetyl- 
enemagnesium  bromide  in  ether.  Yields  of  hydro¬ 
carbons  were  of  the  order  of  SO-EO'vo.  Isopropyl- 
phenylacetylene  was  prepared  by  the  action  of  al  - 
coholic  KOH  on  the  products  of  interaction  of  phenyl - 
isobutyT  ketone  with  phosphorus  pentachloride.  Con¬ 
stants  and  analytical  data  for  the  hydrocarbons  are 
given  in  Table  1,  and  the  infrared  spectra  in  Table  2 
and  Fig,  3. 


*  Determined  in  our  laboratory  by  K.  S,  Mingaleva. 


Fig.  2.  Infrared  transmission  spectra.  1)  Product  of 
hydration  of  propylphenylacetylene  in  presence  of 
mercuric  sulfate;  2)  produa  of  hydration  of  propyl¬ 
phenylacetylene  with  80^0  sulfuric  acid;  3)  butyl 
phenyl  ketone  (sample);  4)  propyl  benzyl  ketone 
(sample);  5)  product  of  hydration  of  isopropylphenyT 
acetylene  with  8(f7o  sulfuric  acid;  6)  phenyl  isobutyl 
ketone  (sample);  7)  product  of  hydration  of  phenyl - 
tert.butylacetylene  in  presence  of  mercuric  sulfate; 
8)  product  of  hydration  of  phenyl-tert.butylacetyl- 
ene  with  8CR?o  sulfuric  acid. 
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TABLE  1.  Constants  of  Alkylphenylacetylenes 


Hydrocarbon 

B.p.(pressure 

Found,  °k 

Gross 

Calc., 

% 

in  mm) 

c. 

H  1 

formula 

c 

H 

72-73”  (1'.) 

0.!li09 

1.3038 

1 

1 

c«ii5-c-c-f;2ii,-. 

81 -S 

i.r.(io) 

0.!)200 

1.3321 

92.14. 

92.10 

7.S0. 

7.78 

10 

92.20 

7.74 

CoH.-i-c~c-f:3ii7 

94-91 

(10) 

0.90!)6 

1.3422 

91. .30. 
91.43  ! 

8..33. 

8.82 

C|,ll|2 

91.01 

8.,39 

Cgllr, — C:£=C — (^117-  iso 
Cgllr.-CH-C-C^Hn-  tert. 

aS-89  (10) 

0.9317 

1.3420 

1  " 

— 

~ 

—  j 

_ 

84 

(10) 

O.S77S 

1 .3230 

90.02. 

90..83 

9.04, 

8.89 

f 'I2II  M 

91.09 

8.91 

Fig.  3.  Infrared  transmission  spectra.  1)  Methylphenylacetylene;  2)  ediyl- 
phenylacetylene;  3)  propylphenylacetylene;  4)  isopropylphenylacetylene;  5) 
tert  .b  uty  Ipheny  lacety  lene. 


TABLE  2.  Infrared  Spectra  of  Alkylphenylacetylenes 


CH,-C=C-C.H, 

C,H,-r,nC-r,,H, 

ISO  -r,,H,-c=r,-c.,H, 

(CH,),c-c=c-c,n. 

631  S. 

6.S8  v.s. 

687  v.s. 

690  v.s. 

688  v.s. 

7.52  v.s. 

7.52  v.s. 

7.52  v.s. 

7.52  v.s. 

7.53  v.s. 

— 

784  m. 

784  m. 

— 

785  m. 

833  w. 

8.35  w. 

840  w. 

815  m. 

835  w. 

— 

872  w. 

877  m. 

892  m. 

875  w. 

912  s. 

912  s. 

912  s. 

910  m. 

912  m. 

%8  w. 

960  w. 

9.50  w. 

940  w. 

— 

— 

995  w. 

— 

962  w. 

962  w. 

— 

1011  m. 

— 

1000  w. 

985  w. 

1026  s. 

1027  m. 

1025  s. 

1025  m. 

1027  m. 

1066  s. 

1067  s. 

1068  s. 

1068  m. 

1067  m. 

— 

— 

— 

1087  w. 

— 

1129  v.w. 

109.3  w. 

1090  w. 

1098  m. 

1097  w. 

1154  w. 

1155  w. 

1 1 55  w. 

1 155  w. 

— 

1169  w. 

1175  w. 

1175  w. 

1175  w. 

1175  w. 

— 

— 

1224  w. 

1216m. 

1200  s. 

1262  w. 

1255  w. 

1253  w. 

— 

1274  w. 

1274  w. 

1284  m. 

— 

1288  v.s. 

1319  v.w. 

1.317  s. 

1325  s. 

1.317  s. 

— 

— 

— 

1337  s. 

1360  m. 

1360  s. 

1375  m. 

1374  m. 

1380  s. 

1380  m. 

1.388  w. 

1434  v.s. 

1437  s. 

1440  s. 

1440  s. 

1443  s. 

— 

1450  m. 

1457  s. 

1450  s. 

— 

— 

— 

— 

— 

1474  s. 

1483  v.s. 

1487  s. 

1487  s. 

1488  s. 

1487  s. 

— 

1572  m. 

1.565  w. 

1574  w. 

1572  w. 

1598  v.s. 

1598  s. 

1.598  w. 

1595  s. 

1.597  m. 

1663  w. 

1660  w. 

1655  w. 

1683  w. 

1635  w. 

1744  w. 

17.52  w. 

1744  w. 

1740  w. 

1747  w. 

1795  w. 

1818  w. 

1795  w. 

1792  w. 

1800  w. 

1878  w. 

1875  w. 

1872  w. 

1882  w. 

1875  w. 

1940  w. 

1945  w. 

1947  w. 

1947  w. 

1947  w. 

2038  w. 

— 

— 

2187  w. 

2208  m. 

2206  w. 

— 

_ 

_ 

2249  s. 

2235  w. 

2235  m. 

2227  w. 

22.37  m. 

27.36  w. 

2842  w. 

29.35  m. 

— 

2865  s. 

28.53  s. 

2876  s. 

2970  s. 

2868  s. 

2898  s. 

2917  v.s. 

2912  s. 

2900  s. 

— 

2922  s. 

— 

2936  s. 

29.30  v.s. 

2925  s. 

2946  v.s. 

29.5.3  m. 

2976  v.s. 

296.3  v.s. 

2968  v.s. 

2972  v.s. 

— 

3020  m. 

3011  m. 

_ 

3024  m. 

30.34  s. 

3032  m. 

.3032  m. 

3030  w. 

— 

3053  s. 

.3051  m. 

3056  m. 

3056  w. 

3055  m. 

.3074  s. 

3077  m. 

3080  m. 

3080  w. 

3080  m. 

Note:  v.s.  =  very  strong,  w.  =  weak,  v.w.  =  very  weak,  m,  =  medium,  s.  =  strong. 


Hydration  in  presence  of  HgS04.  The  hydrating  mixture  (3  g  HgO,  26  g  cone.  H2SO4,  and  200  ml  H2O)  was 
placed  In  a  three -necked  flask  equipped  with  reflux  condenser,  stirrer,  and  dropping  funnel.  Dropwise  addition  was 
then  made  at  80*  (in  the  case  of  methylphenylacetylene  at  60®)  in  the  course  of  30  min  of  0.1  mole  of  the  hydro¬ 
carbon.  Stirring  was  continued  for  another  4  hr  at  the  same  temperature,  after  which  the  reaction  mixture  was  dis¬ 
tilled  with  steam.  The  lower  layer  of  distillate  was  collected,  dried  with  calcined  magnesium  sulfate,  and  frac¬ 
tionated.  Yields  of  ketones  were  40-50*70  on  the  hydrocarbon  taken.  Part  of  the  hydrocarbon  was  recovered. 

Hydration  in  presence  of  H2SO4.  A  mixture  of  0.1  mole  of  hydrocarbon  and  40  ml  of  8tf7o  H2SO4  was  shaken 
for  30  min.  Reaction  products  were  isolated  by  the  preceding  method. 

Experimental  results  are  compared  in  Table  3  and  the  infrared  spectra  of  the  ketones  in  Figs.  1  and  2.  Fre¬ 
quencies  of  products  of  hydration  of  methylphenylacetylene  and  of  specimens  of  all  the  expected  ketones  are  given 
in  Table  4. 
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TABLE  3.  Hydration  of  Alkylphenylacetylenes 


Hydrocarbon 

Hydra- 
t;oil  cat¬ 
alyst 

Yield, 

% 

B.p.  (pressure  in 
mm) 

Cll,  1 

1I<»S04 

iroS04 

:>() 

/if. 

212-214°  (760) 
212-214  (760) 

1.0125 

1.0131 

1.52.59 

t..5281 

twII-  1 

II^S04 

112804 

r>2 

si; 

113- 1  If)  (16) 

114- lir»  (16) 

0.9006 

0.0807 

1.5194 

1.5202 

II  {,'504 

II2SO4 

so 

r.8 

113-114  (8) 

113-113.5  (8) 

0.0743 

0.0744 

1.5140 

1.5148 

112^^04 

•SO 

108-100  (10) 

0.9694 

1.5122 

tert  | 

llfrS04 

II2SO4 

44 

40 

100-110  (11) 

100-110  (11) 

0.9532 

0.9.541 

1..5078 

1.5083 

TABLE  4.  Infrared  Transmission  Spectra  of  Ketones  (cm"*) 


Products  of  hydration  of 
methylf^enyl- acetylene 

Ethyl 

phenyl 

ketone* 

Methyl 

benzyl 

ketone* 

Propyl 

phenyl 

ketone 

Butyl 

phenyl 

ketone 

Propyl 

benzyl 

ketone 

Isobutyl 

phenyl 

ketone 

HgSO.* 

1 

n,so,*  1 

694  s. 

690  8. 

690  s. 

1 

692  v.s. 

690  v.s. 

691  v.s. 

698  v.s. 

690  v.s. 

744  v.s. 

745  v.s. 

744  v.s. 

738  s. 

736  s. 

735  s. 

735  v.s. 

— 

— 

— 

— 

— 

7.55  s. 

753  v.s. 

— 

750  v.s. 

— 

— 

— 

— 

— 

— 

— 

772  m. 

781  w. 

784  w. 

781  w. 

784  w. 

790  m. 

782  m. 

— 

787  m. 

815  w. 

815  w. 

815  w. 

810  w. 

820  m. 

— 

802  w. 

835  w. 

842  w. 

845  w. 

842  w. 

845  w. 

843  w. 

843  w- 

837  w. 

— 

897  w. 

— 

— 

880  w. 

868  w. 

882  w. 

890  v.w. 

880  w. 

— 

— 

— 

913  w. 

893  s. 

— 

— 

— 

— 

934  w. 

— 

932  w. 

932  m. 

917  w. 

913  w. 

930  m. 

951  s. 

950  s. 

951  s. 

— 

988  s. 

967  s. 

940  w. 

947  m. 

1003  m. 

1003  w. 

1002  m. 

1002  w. 

1000s. 

1002  m. 

1002  w. 

1006  s. 

1010  m. 

1014  w. 

1011  m. 

1028  s. 

1025  w. 

1012  s. 

1030  m. 

1025  w. 

— 

— 

— 

— 

10.50  w. 

— 

— 

— 

1076  m. 

1078  s. 

1074  m. 

1075  m. 

1075  m. 

1075  m. 

1077  w. 

1073  w. 

— 

1100  w. 

— 

— 

1101  m. 

1109  m. 

1116  w. 

1095  m. 

1157  m. 

1160  m. 

1157  w. 

1157  v.s. 

1158  m. 

1159  m. 

1153  w. 

1157  m. 

1180  m. 

1180  s. 

1180  m. 

— 

1180  s. 

1180  s. 

1182  w. 

1180  s. 

— 

— 

— 

1206  v.s. 

— 

— 

1202  w. 

_ 

1217  v.s. 

1220  v.s. 

1218  v.s. 

1221  v.s. 

1215  v.s. 

1210  v.s. 

— 

1212  v.s. 

1264  m. 

1265  m. 

— 

— 

— 

1250  s. 

— 

1258  m. 

1276  m. 

1280  m. 

1278  m. 

1290  s. 

1272  s. 

1262  s. 

1273  w. 

1285  m. 

1300  m. 

1300  m. 

1305  w. 

— 

— 

1295  m. 

1305  w. 

1302  m. 

1320  m. 

1320  m. 

1322  m. 

1320  w. 

1315  s. 

1320  s. 

1327  w. 

1333  m. 

— 

— 

— 

— 

— 

1345  s. 

— 

— 

1350  v.s. 

1347  v.s. 

1352  v.s. 

1357  v.s. 

1368  s. 

1360  s. 

1361  w. 

1366  s. 

1376  s. 

1377  s. 

1378  s. 

— 

— 

1377  s. 

1360  m. 

1378  w. 

— 

— 

— 

— 

1408  s. 

1410  s. 

1413  s. 

1405  w. 

1411  m. 

1413  s. 

1414  s. 

1422  v.s. 

— 

— 

_ 

_ 

1449  s. 

1449  s. 

1449  s. 

1449  s. 

1450  v,s. 

1449  v.s. 

1452  s. 

1446  s. 

1493  w. 

1490  w. 

1489  w. 

1494  s. 

— 

1460  s. 

_ 

1460  s. 

— 

— 

— 

— 

— 

— 

1492  s. 

— 

1583  s. 

1582  s. 

1584  s. 

1588  w. 

1580  s. 

1.580  s. 

1.580  w. 

1578  s. 

1596  s. 

1598  s. 

1598  s. 

1602  8. 

1597  s. 

1596  s. 

1601  s. 

1595  s. 

1677  v.s. 

1677  v.s. 

1676  s. 

— 

1685  v.s. 

1680  v.s. 

_ 

1678  v.s. 

1700  m. 

— 

— 

1705  V.S.. 

— 

— 

1705  v.s. 

_ 

— 

— 

— 

1750  s. 

— 

— 

— 

— 

Note;  v.s.  =  very  strong,  w.  =  weak,  v.w.  =  very  weak,  m.  =  medium,  s.  =  strong. 


Note:  The  spectra  of  compounds  marked  with  an  asterisk  were  plotted  vrtth  the  IKS-14 
spectrophotometer,  the  remainder  with  the  IKS -15  instruvnen  . 
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TABLE  5.  Constants  of  Authentic  Alkyl  Phenyl  and  Alkyl  Benzyl  Ketones  [7] 


Ketone 

B.p.  (pressure  in  mm) 

w20 

«20 

C0H5-CO-CH2-CH3 

212-213°  (760) 

1.5275 

Cellj-GHj-CO-CH, 

212-21.5  (760) 

1.0143 

1.5160 

CeHj-CO-CHj-CHj-CHa 

113-113.5  (l5) 

0.9885 

1.5202 

Cellj-CO-CHj-CHz-CHj-CHa 

113-113.5  (8) 

0.9744 

1.5252 

Cells-CHj-CO-CHj-CHj-CHa 

129  (10) 

— 

1.5198 

C8H5-CO-CH2-CH(CIl3)2 

108—109  (10) 

0.9687 

1.5120 

Authentic  alkyl  phenyl  ketones  were  prepared  by  acylation  of  benzene  with  the  chlorides  of  the  corresponding 
acids  in  presence  of  AlC^.  Methyl  benzyl  ketone  was  prepared  by  heating  a  mixture  of  phenylacetic  acid,  acetic 
anhydride,  and  sodium  acetate  on  an  oil  bath  for  20  hr  [5].  Propyl  benzyl  ketone  was  prepared  by  the  action  of  propyl 
magnesium  bromide  on  phenylacetonitrile  in  ether  [6]. 

Constants  of  the  authentic  alkyl  phenyl  and  alkyl  benzylketones  are  set  forth  in  Table  5. 

SUMMARY 

1.  The  hydration  of  methyl-,  ethyl-,  propyl-,  isopropyl-,  and  tert.butylphenylacetylenes  in  presence  of  sul¬ 
furic  acid  or  mercuric  acid  is  investigated. 

2.  It  is  shown  that  in  both  cases  the  reaction  products  are  alkyl  phenyl  ketones. 

3.  Possible  causes  of  the  direction  of  the  reaction  are  discussed. 
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REACTIONS  OF  C  H  LO  RI N  E  -  C  ON  T  A I N I  N  G  TELOMERS 
OF  DIENIC  HYDROCARBONS 

VII.  REACTION  OF  1-CHLORO-5-METHYL-.  1.3-DICHLORO-5-METHYL- 
AND  1-CHLORO-3.5-DIMETHYL-2.6-OCTADIENES  WITH  SODIUM 
ACETYLACETONE 


L.  I.  Bun i na - K r i vor uk ov a  and  A.  A.  Petrov 


Leningrad  Lensovet  Institute  of  Technology 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 

pp.  2965-2968,  September,  1961 

Original  article  submitted  September  10,  1960 

In  our  laboratory  we  previously  studied  the  exchange  reactions  of  some  chlorine- containing  telomers  of  dienic 
hydrocarbons  with  sodium  ethylacetoacetate  and  sodium  diethyl  malonate  [1,2].  In  continuation  of  diesc  investiga¬ 
tions  we  have  studied  the  reaction  witii  sodium  acetylacetone  of  the  primary  products  of  telomerization  of  1,3-butadi- 
ene,  chloroprene,  and  isoprene  (2- methyl- 1,3-butadiene)  with  piperylene  (1,3-pentadiene)  hydrochloride. 


The  experiments  showed  that  the  products  of  diis  reaction  in  a  medium  of  anhydrous  acetone  are  0 -ketones  of 
type  (A).  Allylic  isomers  of  type  (B),  whose  formation  could  have  been  expected  in  view  of  the  allylic  character  of 
the  chlorine  atom  in  the  telomer  molecules,  were  not  detected. 

The  infrared  spectra  of  die  resulting  diketones  con- 


Infrared  transmission  spectra.  1)  3-[5-methyl-2,6- 
octadienyl]-2,4-pentanedione;  2)  3-chloro-5-methyl-2, 
6-octadienyl]-2,4-pentanedione;  3)  3-[3,5-dimethyl-2, 
6-octadienyl]-2,4-pentanedione. 

usually  present  in  ketones.  The  double  bond  is  associated 
the  normal  value. 


tained  only  the  deformation  frequencies  corresponding  to 
the  — CH  =  CH—  grouping  (about  968  cm"*);  the  vinyl 
group  frequencies  were  absent. 

In  the  case  of  the  telomer  of  1.3-butadiene  with 
piperylene  hydrochloride,  we  made  use  of  a  mixture  of 
the  allylic  isomers,  but  the  telomer  with  a  terminal  vinyl 
group  did  not  enter  into  reaction  under  the  experimental 
conditions. 

An  experiment  with  1,3 -dichloro-5-methylocta- 
diene  (in  a  medium  of  anhydrous  alcohol  [3]  did  not  give 
the  expected  diketone  but  the  product  of  its  hydrolytic 
cleavage— 6-chloro-4- methyl-2, 6-undecadien-lO-one. 

The  latter  was  identical  with  the  product  of  hydrolysis 
of  the  corresponding  alkadienylacetoacetic  ester  which  we 
described  earlier  [1]. 

The  prepared  diketones  are  colorless  liquids  with  a 
characteristic  odor,  insoluble  in  water.  Their  constants 
are  set  forth  in  the  table.  We  see  from  the  table  that  the 
molecular  refractions  found  for  die  diketones  are  consider¬ 
ably  higher  than  the  calculated  values  in  each  case.  Com¬ 
mon  to  all  the  infrared  spectra  (see  figure)  are  die  strong 
carbonyl  group  bands  in  the  1705-1725  cm"*  region,  bands- 
round  1160  cm"*  which  are  characteristic  of  methylketones, 
and  die  strong  bands  at  about  1360  cm"*  which  are  also 
with  the  frequency  of  about  1605  cm"*  which  is  lower  than 
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Constants  and  Analytical  Data  for  Products  of  Condensation 


Substance 

1 

■ 

B 

MR  1 

found 

calc. 

(l)r.H,-.CH=CH-CH-CH,-CH=CH-CH,-CH-CO-CH, 

128-130° 

0.9270 

1.4770 

67.60 

65.84 

CH,  CO-CHj 

(II)CHj-CH:=CH-CH-CH,-CCl=CH-CH,-CH-CO-CH, 

1.50-152 

1.0230 

1.4905 

73.46 

70.81 

CH,  CO-CH, 

(1II)CH,-CH=CH-CH-CH,-C=CH-CH,-CH-C0-CH, 

136-137 

0.9283 

1.4820 

72.56 

70.56 

CH,  CH,  CO-CH, 

All  of  the  isolated  substances  give  qualitative  reactions  with  TiCls,  o-phenylenediamine,  and  CufOCOCHs)* 
which  are  characteristic  of  B -diketones  [4].  Crystalline  2,4-dinitrophenylhydrazones  could  only  be  prepared  from 
two  of  the  diketones  (11)  and  (III). 


Heating  of  diketone  (II)  widi  urea  in  presence  of  HCl  led  to  three  crystalline  condensation  products  whose 
structure  we  did  not  establish. 


EXPERIMENTAL 

A  mixture  comprising  20  g  of  sodium  acetylacetone  [5],  the  equivalent  quantity  of  telomer,  and  200  ml  of 
aidrydrous  acetone,  was  heated  on  a  water  bath  at  the  boil  for  50-60  hr  with  mechanical  stirring.  It  was  then  diluted 
with  double  the  volume  of  water.  The  reaction  products  were  extracted  from  the  aqueous  layer  with  ether.  The 
ethereal  extract,  combined  with  the  upper  layer,  was  dried  over  calcined  MgS^.  After  the  ether  had  been  taken  off, 
the  residue  was  fractionated  in  vacuo  in  a  Widmer  column.  Yield  of  diketones  20-25  %  .  Analytical  data  are  set 
forth  in  the  table. 

The  infrared  spectra  were  taken  with  the  IKS-14  spectrophotometer  using  a  NaCl  prism.  Layer  thickness  32  p. 

Melting  points  and  analytical  data  for  the  bis-2,4-diniuophenylhydrazones  are  given  in  die  table. 

A  mixture  of  1.3  g  of  diketone  (II),  0.5  g  of  urea,  0.8  ml  of  cone.  HCl,  and  40  ml  of  alcohol  was  heated  on  a 
water  bath  at  the  boil  for  10  hr.  After  die  mixture  had  cooled,  it  was  diluted  with  ether;  colorless  crystals  came 
down.  These  were  separated  into  three  portions  by  recrystallization  from  water:  1)  m.p.  176-178’  (with  decomp.), 
insoluble  in  water,  nitrogen  content  12.92^:  2)  m.p.  176-176.5*,  soluble  in  water  with  a  yellow  color,  nitrogen  con¬ 
tent  9.22%;  3)  m.p.  119’,  soluble  in  water,  nitrogen  content  8.21%. 

SU  MMARY 

1.  The  reaction  with  sodium  acetylacetone  of  the  primary  products  of  telomerization  of  1,3-butadiene,  chloro 
prene,  and  isoprene  with  piperylene  hydrochloride  was  investigated. 

2.  A  diketone  was  isolated  in  each  case.  Crystalline  2,4-dinitrophenylhydrazones  of  two  of  them  were  ob¬ 
tained. 

3.  It  was  shown  that  the  exchange  reaction  goes  as  in  other  cases  with  formation  of  products  of  the  crotyl 

type. 


R-CX=CH— CHj— CH(C0CH3)2  (A) 

R  =  CH,-CH=CH-CH-CH,-  ii 
I 

CH, 


r_CX-CH(COCH3).2  (b) 
I 

CH==CHo 
X  =  H.  Cl  or  CH,. 
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Found, 

,  [ 

Empirical 

formula 

Calculated,  %  | 

Bis-2,4-dinitrophenvlhvdrazones 

c  1 

1 

H  i 

1 

i 

I 

c,  j 

c 

H 

Cl 

melting  found 
point  1  %  N 

Empirical 

formula 

Calc. 
%  N 

1 

74.34,1 

74.64 

9.85, 

10.00 

- 

75.63 

1 

9.97 

- 

- 

_  i 

- 

- 

65.66, 

65.68 

8.49, 

8.49 

13.84, 

1 4.03 

65.49 

8.24 

13.81 

68—70° 

'  18.27, 
18.32 

18.16 

1  76. 17 , 

1  76.29 

i 

'  10.20. 

'  10.29 

1 

i  — 

1 

1 

1  (m-,U  4O., 

1 

1 

76.25 

10.29 

— 

58—60 

1 

1 

1 

19.13 

i 

f'27Hfl208N^ 

19.10 
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INVESTIGATIONS  ON  D  IPYRRYLMETHE  NES 
IIL  SYNTHESIS  OF  MESO -SUBSTITUTED  DIPYRRYLMETHENES 

E,  I.  Filippovich,  R.  P.  Evstigneeva,  and  N.  A.  Preobrazhenskli 

M,  V.  Lomonosov  Institute  of  Fine  Chemical  Technology,  Moscow 
Translated  from  Zhurnal  Obshdiel  Khimli,  Vol.  31,  No.  9, 
pp.  2968-2972,  September,  1961 
Original  article  submitted  June  4,  1960 


In  continuation  of  our  work  on  the  synthesis  of  dipyrrylm ethanes,  we  have  now  prepared  3,5,4’,5’-tetramethyl- 
4,3*-dicarbethoxymesocarbethoxymethyl-dipyrrylmethene  (III)  by  condensation  of  the  ethyl  ester  of  6  -(2,4-dimethyl- 
3-carbethoxy-5-pyrryl)-0-ketopropionic  acid  (I)  with  2,3-dimethyl-4-carbethoxypyrrole  (II). 


We  isolated  two  f(xms  of  this  compound:  the  methene  form  (III)  with  m.p.  118-120*  and  a  violet  color,  and 
the  ethylenic  form  (Ilia)  with  m.p.  192-193.5*  and  a  yellow  color.  The  latter  was  identical  in  properties  with  the 
ethylenic  form  of  4,5,3', 5’-tetramethyl-3,4'-dicarbethoxy-mesocarbethoxymethyldipyrrylmethene  (VI),  m.p.  184- 
185.5*,  prepared  earlier  by  condensation  of  the  ethyl  ester  of  6 -(2,3-dimethyl -4-carbethoxy-5-pyrryl)-6  -keto- 
propionic  acid  (V)  with  2,4-dimethyl-3-carbethoxypyrrole  (IV)  [1].  Both  compounds  [the  yellow,  ethylenic  form 
(Ilia)  with  m.p.  192-193.5*  from  compound  (III),  and  the  yellow,  ethylenic  form  (Ilia)  with  m.p.  184-184.5*  from 
compound  (VI)]  have  identical  ultraviolet  and  infrared  absorption  spectra  [2]  and  do  not  give  a  melting  point  dep¬ 
ression  (a  mixed  specimen  melts  at  190-193*).  The  difference  in  melting  point  is  evidently  due  to  rotational  stereo¬ 
isomerism.  Transition  of  the  methene  form  of  compound  (III)  into  the  ethylenic  form  [the  base  (Ilia)]  is  also  ac¬ 
companied  by  formation  of  the  lactam  (VII). 
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In  the  present  work  we  also  succeeded  in  isolating  tlie  methene  form  of  4,5,3’,5'-tetramethyl-3,4’-dicar- 
bethoxy-mesocarbethoxymethyl-dipyrrylmethene  (VI)  in  spite  of  the  difficulties  associated  with  the  facility  of  its 
transition  to  the  ethylenic  form.  Compounds  (III)  and  (VI)  differ  only  in  the  position  of  the  double  bond,  and  due  to 
prototropic  rearrangement  they  give  the  same  ethylenic  form.  Transition  from  compound  (III)  to  (VI)  Is  possible  via 
the  ethylenic  form  [2].  These  results  are  very  important  in  connection  with  the  synthesis  of  porphyrinic  systems. 

The  method  that  we  developed  for  preparation  of  meso -substituted  dipyrrylmethenes  was  successfully  applied 
to  the  synthesis  of  4,5,4'-trimethyl-3,5'-dicarbethoxy-3'-(ai-carbomethoxyethyl)-mesocarbethoxymethyl-dipyrryl- 
methene  (X)  from  the  methyl  ester  of  3  -(4-metliyl-5-carbethoxy-3-pyrryl)-propionic  acid  (VIII)  and  tlie  ethyl  ester 
of  6-(2,3-dimethyl-4-carbethoxy-5-pyrryl)-0-ketopropionic  acid  (IX).  Compound  (X)  can  be  used  in  the  synthesis 
of  chlorophyll  and  related  porphyrins. 


I 


fH, 


CH, 


1K1 


C'JOt.H. 


EXPERIMENTAL 


3,5,4*,5'-Tetramethyl-4.3*-dicarbethoxy-mesocarbethoxymethyldipyrrylmethene  (III).  A  solution  of  0.37  g  of 
the  ethyl  ester  of  5 -(2,4-dimethyl-3-carbethoxy-5-pyrryl)-6 -ketopropionic  acid  (I)  and  0.22  g  of  2,3-dimethyl-4- 
carbethoxypyrrole  (II)  was  prepared  in  15  ml  of  anhydrous  chloroform,  and  0.76  g  of  phosphorus  pentoxide  was  added 
in  small  portions  with  vigorous  stirring.  The  mixture  was  held  for  4  hr  at  60°.  The  chloroform  was  decanted,  washed 
with  water  until  neutral,  and  distilled  off  in  vacuo.  The  residue  was  triturated  repeatedly  with  ligroine  until  a  color¬ 
less  filtrate  was  obtained.  The  preparation  was  purified  by  reprecipitation  from  ether  with  ligroine.  An  amorphous, 
violet-red  substance  with  m.p.  118-120°.  Yield  0.11  g  (19.4  ^o). 


Xmax  ^  '^•2).  410  mji  (log  e  3.9),  592  m/i  (log  e  3.4). 

Found  io:  C  64.37;  11  7.12;  N  6.64.  C23H30O6N2.  Calculated  ‘7°:  C  64.15;  H  7.03;  N  6.50. 


4,5,3',5'-Tetramethyl-3,4'-dicarbethoxy-mesocarbethoxymethyldipyrrylmethene  (Ilia).  A  solution  of  0.57  g 
of  2,3-dimethyl-4-carbethoxypyrrole  (II)  and  0.96  g  of  the  ethyl  ester  of  6 -(2,4 -dimethyl-3 -carbethoxy -5 -pyrryl)- 
0  -ketopropionic  acid  (I)  was  prepared  in  20  ml  of  anhydrous  chloroform  and  with  vigorous  stirring  2  g  of  phosphorus 
pentoxide  was  added  in  small  portions.  The  mass  was  then  heated  for  4  hr  at  55-60°.  After  the  reaction  mass  had 
cooled,  30  ml  of  l^  ammonia  solution  was  added.  The  chloroform  layer  was  separated  and  washed  with  water  until 
neutral.  The  solvent  was  removed  in  vacuo.  The  residual  oil  was  repeatedly  triturated  with  ligroine.  The  insoluble 
residue  was  recrystallized  from  alcohol  and  the  light -yellow  product  was  dried  in  a  vacuum -desiccator.  Yield  0.16  g 
(14.65%).  M.p.  192-194.5°. 

Xmax  ®  4.3). 

Found  %:  C  64.49;  H  6.80;  N  6.64.  C23H30O6N2.  Calculated  %:  C  64.15;  H  7.03;  N  6.50. 


Lactam  of  3,5,4*,5*-tetramethyl-4,3'-dicarbethoxy-mesocarboxymethyldipyrrylmethene  (VII).  A  solution  of 
0.57  g  of  2,3 -dimethyl -4 -carbethoxypyrrole  (11)  and  0.96  g  of  the  ethyl  ester  of  0-(2,4-dimethyl-3-carbethoxy-5- 
pyrryl)-0 -ketopropionic  acid  (I)  was  prepared  in  20  ml  of  anhydrous  chloroform,  and  2  g  of  phosphorus  pentoxide  was 
added  portionwise  with  vigorous  stirring.  The  mixture  was  then  heated  at  55-60°  for  4  hr.  After  the  reaction  mass 
had  cooled,  30  ml  of  10%  ammonia  solution  was  added.  The  chloroform  layer  was  separated  and  washed  with  water 
until  neutral.  The  solvent  was  taken  off  in  vacuo.  The  product  was  extracted  from  the  residue  with  ligroine,  the 
solvent  removed  in  vacuo,  and  the  residue  treated  with  5  ml  of  alcohol.  The  precipitate  was  collected  and  recrystal¬ 
lized  from  alcohol.  Bright -yellow  crystals.  M.p.  238-240°. 


Xmax  430  in/i  (log  e  3.8). 

Found  %:  C  65.89;  H  6.13;  N  7.44.  CzjHzANz.  Calculated  %:  C  65.60;  H  6.29;  N  7.29. 
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4,5,3*,5'-Tetramethyl-3,4*-dicarbethoxy-mesocarbethoxymethyldipyrrylmethene  (VI).  To  a  solution  of  0.37  g 
of  ethyl  ester  of  6-(2,3-dimethyl-4-carbethoxy-5-pyrryl)-6 -ketopropionic  acid  (V)  and  0.22  g  of  2,4-dimethyl-3- 
carbethoxypyrrole  (IV)  in  15  ml  of  anhydrous  chloroform  was  added  in  small  portions  0.76  g  of  phosphorus  pentoxide. 

The  reaction  mass  was  stirred  for  4  hr  at  60*.  The  chloroform  was  decanted  and  washed  with  water  until  neutral. 

After  the  solvent  had  been  taken  off  in  vacuo,  the  residue  was  repeatedly  triturated  with  ligroine  until  a  colorless 
filtrate  was  obtained.  The  residue  was  purified  by  reprecipitation  from  ether  with  ligroine.  An  amorphous,  violet 
substance  was  obtained  and  was  dried  in  a  vacuum -desiccator.  Yield  0.17  g  (30®7o).  M.p.  147-148*. 

Xmax  410  mfi  (log  e  3.9),  505  mp  (log  e  3.6),  584  mp  (log  e  3.7),  685  mp  (log  e  3.3). 

Found '7o;  c  64.10;  H  6.91;  N  6.53.  CzaHaoOgN^.  Calculated  ®7o;  c  64.15;  H  7.03;  N  6.50. 

Methyl  ^ter  of  0-(2-carboxy-4-methyl-5-carbethoxypyrryl)-propionic  acid.  Dropwise  addition  of  21.5  g  of 
sulfriryl  chloride  was  made,  with  stirring  at  a  temperature  not  higher  than  4°,  to  a  solution  of  13.28  g  of  methyl  ester 
of  0-(2,4-dimethyl-5-carbethoxy-3-pynyl)-propionic  acid  in  55  ml  of  absolute  ether.  The  reaction  mass  was  then 
held  at  below  0*  for  an  hour  and  at  18-20*  for  3  hr.  The  ether  was  removed  in  vacuo.  A  boiling  solution  of  sodium 
acetate  (44.5  g  in  720  ml  of  water)  was  run  into  the  residue  and  the  mass  was  heated  with  vigorous  stirring  for  5  min. 
The  ice -cooled  solution  deposited  a  precipitate  which  was  filtered,  washed  with  water  (twice  with  50  ml  each  time), 
and  dissolved  in  300  ml  of  saturated  sodium  bicarbonate  solution.  The  solution  of  the  sodium  salt  was  saturated  with 

sulfur  dioxide  at  room  temperature  until  it  had  a  weakly  acid  reaction  (to  Congo).  The  white  precipitate  was  col¬ 

lected,  washed  with  water  (four  lots  of  25  ml  each),  and  thoroughly  pressed  on  a  filter.  The  product  was  recrystallized 
from  methanol  and  dried  in  a  vacuum -desiccator.  Yield  10.19  g  (68.2f7o).  M.p.  175-176*. 

Found  C  55.16;  M  6.09;  N  5.23.  CoHiTOgN.  Calculated  C  55.11;  H  6.05;  N  4.95. 

Methyl  ester  of  g -(4-methyl-5-carbethoxy-3-pyrryl)-propionic  acid  (VIII).  The  methyl  ester  of  6-(2-carboxy- 
4-methyl-5-carbeihoxy-3-pyrryl)-propionic  acid  (1  g)  was  placed  in  a  Claisen  flask  and  heated  for  an  hour  at  230-240* 
in  a  nitrogen  stream.  The  residue  was  distilled  in  vacuo.  B.p.  136-138*  (7  mm).  Yield  0.66  g  (78.5‘7o).  A  colorless, 
crystalline  substance.  M.p.  47-48*. 

Found  C  60.70;  H  7.47;  N  5.84.  C0II17O4N.  Calculated  C  60.24;  H  7.16;  N  5.85. 

4,5,4* -Trimethyl -3,5* -dicarbethoxy -3' -(u;-carbomethoxyethyl)-mesocarbethoxymethyldipyrrylmethene  (X). 

To  a  solution  of  0.5  g  of  methyl  ester  of  5-(4-mcthyl-5-carbethoxy-3-pyrryl)-propionic  acid  and  0.59  g  of  ethyl 
ester  of  0 -(2,3 -dlmethyl-4-carbethoxy-5-pyrryl)-0 -ketopropionic  acid  in  20  ml  of  anhydrous  chloroform  was  added 
1  g  of  phosphorus  pentoxide  in  small  portions.  The  mixture  was  stirred  at  60*  for  4  hr.  To  the  reaction  mixture  was 
then  added  50  ml  of  1*70  ammonia  solution.  The  chloroform  layer  was  separated  and  washed  with  water  until  neutral 
(five  lots  of  30  ml  each).  The  chloroform  was  removed  in  vacuo.  The  residue  was  washed  with  gasoline  (four  lots 
of  25  ml  each)  and  purified  by  reprecipitation  from  ether  with  ligroine.  An  amorphous,  brown  substance.  Yield 
0.23  g  (25.7^).  M.p.  138-140*. 

^max  415  mp . 

Found‘d;  C  62.23;  H  6.38;  N  5.42.  CzellaPgNz.  Calculated  C  62.15;  H  6.82;  N  5.57. 

SUMMA  RY 

1.  A  series  of  dipyrrylmcthenes  with  a  carbethoxymethyl  substituent  in  the  meso-position  was  synthesized: 
3,5,4*,5*-tetramethyl-4,3*-dicarbethoxy-mesocarbethoxymethyldipyrrylmethene;  4,5,3*,5*-tetramethyl-3,4*-di- 
carbethoxy-mesocarbethoxymethyldipyrrylmethene;  lactam  of  3,5,4*,5*-tetramethyl-4,3*-dicarbethoxy-meso- 
carboxymethyldipyrrylmethene ;  4,5,4* -trlmethyl-3 ,5* -dicarbethoxy -3*  -(  w -carbomethoxyethyl)-mesocarbethoxy - 
methyldipyrrylmethene. 

2.  The  methene  and  ethylenic  forms  of  the  first  two  compounds  were  isolated. 

3.  A  method  was  developed  for  preparation  of  the  methyl  ester  of  0-(2-carboxy-4-methyl-5-carbethoxy-3- 
pyrryl)-propionic  acid  and  the  methyl  ester  of  0-(4-methyl-5-carbethoxy-3-pyrryl)-propionic  acid. 
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The  currently  known  syntheses  of  porphyrines  are  based  on  dipyrrylmethens.  However,  the  unsymmetrical  di- 
pyrrylmethenes,  which  could  be  used  to  obtain  porphyrins  related  to  chlorophyll,  are  still  difficultly  available.  The 
most  efficient  procedure  is  the  aldehyde  synthesis,  although  in  a  large  number  of  cases  even  this  method  is  com¬ 
plicated  by  the  obtaining  of  symmetrical  dipyrrylmethenes  [1-3].  In  this  connection  a  study  of  new  paths  for  the 
synthesis  of  unsymmetrical  dipyrrylmethenes  possesses  considerable  interest.  In  this  paper  we  report  on  the  synthesis 
of  unsymmetrical  dipyrrylmethenes,  starting  with  the  dichloromethyl  derivatives  of  pyrrole.  The  latter  are  inter¬ 
mediate  products  in  the  preparation  of  aldehydes  from  the  corresponding  methylpyrroles. 

2-Dichloromethyl-3-acetyl-4-methyl-5-carbethoxypyrrole  [4]  (la,  R  =  COCH3)  when  reacted  with  2, 4-di¬ 
methyl -3 -ethylpyrrole -5 -carboxylic  acid  [5,  6]  (II)  gives  the  hydrochloride  of  4,3|5'- trimethyl-3-acetyl-4'-ethyl- 
5-carbethoxydipyrrylmethene  (Ilia,  HCl). 


’Ia),(ina)R-=cuCHj, 

Jlb).ailbX-CH=CH,. 


The  presence  in  compound  (la)  of  the  electron-acceptor  acetyl  group  in  the  3  position  of  the  pyrrole  ring 
inhibits  the  reaction  to  a  large  degree,  and  to  make  the  reaction  go  requires  an  acid  catalyst  and  heating.  The  pres¬ 
ence  of  the  electron -donor  vinyl  group  in  the  3  position,  as  is  the  case 
in  2-chlOTomethyl-3-vinyl-4-methyl-5-carbethoxypyrrole  (Ib),  leads 
to  exceedingly  easy  reaction  with  2, 4 -dimethyl -3 -ethylpyrrole -5- 
carboxylic  acid  (II),  which  takes  place  on  simple  mixing  of  the  re¬ 
actants  in  methyl  alcohol,  giving  4,3',5*-trimethyl-3-vinyl-4’-ethyl- 
5-carbethoxydipyrrylmethene  (Illb).  An  analogous  reaction  also  takes 
place  with  the  trichloro  derivatives  (IV).  In  this  case  the  reaction 
goes  via  the  formation  of  the  dichlcwodipyrrylmethane  (V),  which 
cleaves  one  of  the  chlorine  atoms  with  exceeding  ease  to  yield  the 
hydrochloride  of  the  meso-chloro  dipyrrylmethene  derivative  (VI).  The 
free  base  of  the  meso-chloro  dipyrrylmethene  derivative  (VII)  is  iso¬ 
lated  from  the  hydrochloride  by  treatment  of  the  latter  with  alkaline 
agents,  or  it  is  obtained  from  the  dichloropyrrylmethane  (V)  under  the 

.  ,  ,  ,  same  conditions.  This  reaction  was  observed  by  us  to  be  a  secondary 

Infrared  absorption  spectra.  ^ 

reaction  in  the  preparation  of  the  dipyrrylmethene  from  technical 

3 -vinyl-4 -methyl-2 -dichloromethylpyrrole,  whidi  contains  a  small 

amount  of  the  trichloro  derivative. 
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methyl-3-vinyl-4-methyl-5-carbethoxypyrrrole  (1.65  g),  containing  a  small  amount  of  2-trichloromethyl-3-vinyl- 
4-methyl-5-carbethoxypyrrole,  was  rubbed  with  1.2  g  of  2,4-dimethyl-3-ethylpyrrole-5 -carboxylic  acid,  followed 
by  the  addition  of  4  ml  of  anhydrous  methanol  to  the  mixture.  A  crystalline  precipitate  deposited  after  standing  for 
a  short  while.  The  reaction  mass  was  allowed  to  stand  at  1-3°  for  10  to  12  hx.  The  precipitate  was  filtered  and 
washed  with  2  ml  of  alcohol.  We  obtained  0.3  g  of  bright  orange-red  crystals,  readily  soluble  in  benzene  and  ether, 
and  difficultly  soluble  in  water  and  alcohol.  M.p.  172-174°  (rapid  heating).  Recrystallization  of  the  obtained  com¬ 
pound  (V)  from  alcohol  proved  unsuccessful. 

Found  C  60.02;  H  6.15;  N  7.13;  Cl  18.20.  CislljANzClj.  Calculated  «/o;  C  59.54;  H  6.31;  N  7.31;  Cl  18.50. 
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The  solvent  was  removed  from  the  mother  liquor  by  distillation,  and  the  residue  was  worked  up  as  described 
above  to  give  1.9  g  of  the  hydrochloride  of  4,3’,5'-trimethyl-3-vinyl-4’-ethyl-5-carbethoxydipyrrylmethene  (111b, 

R  =  CH  =  CHj).  M.p.  170-172'. 

4,3', 5* -Trlmethyl-3-vinyl-4'-cthyl-5-carbethoxy-meso-chlcffodipyiTylmethene  (Vll),  A  solution  of  0.15  g 
of  4,3',5’-trimethyl-3-vinyl-4'-etIiyl-5-carbethoxy-meso-dichlorodipyrrylmcthane  in  40  ml  of  benzene  was  washed 
with  saturated  potassium  carbonate  solution,  lire  extract  was  dried  over  potassium  carbonate.  Then  the  solvent  was 
removed  by  distillation  and  the  residue  was  triturated  witli  a  small  amount  of  alcohol.  This  resulted  in  the  deposi¬ 
tion  of  bright  red  crystals,  readily  soluble  in  ether  and  in  petroleum  ether.  M.p.  108-109'. 

Found '7o;  N  7.77;  Cl  10.2.  CigllzgOiNzCl.  Calculated  N  8.05;  Cl  10.23. 

SUMMARY 

1.  4,3’,5’-Trimethyl-3-acetyl-4'-ethyl-5-carbethoxydipyrrylmethene  and  4,3',5'-trimethyl-3-vinyl-4'- 
ethyl-5-carbethoxydipyrrylmethene  were  syntliesized. 

2.  In  the  course  of  the  synthesis,  along  with  the  principal  products  -  the  unsymmetrical  dipyrrylmethenes  - 
we  also  isolated  and  characterized  the  compounds  4,3’,5'-trimethyl-3-vinyl-4'-ethyl-5-carbethoxy-meso-dichloro- 
dipyrrylmethane  and  4,3’, 5’ -trimethyl-3 -vinyl-4’ -ethyl-5 -carbethoxy-meso-chlorodipyrrylmethene. 

3.  A  metliod  was  developed  for  obtaining  2-dichloromethyl-3-vinyl-4-methyl-5-carbethoxypynole. 

4.  It  was  shown  that  the  reactivity  of  the  dichloromethyl  group  in  the  starting  pyrrole  derivative  is  mainly 
dependent  on  the  character  of  the  substituent  in  the  3  position  of  the  pyrrole  ring.  The  corresponding  trichloro- 
methyl  derivatives  can  serve  as  a  source  for  obtaining  the  unsymmetrical  meso-chloro  dipyrrylmethene  derivatives. 
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To  construct  the  porphyrin  molecule  of  chlorophyll  it  is  necessary  to  have  two  dipyrrylmethenes.  One  of  them 
should  have  a  substituent  in  the  meso- position,  which  at  a  certain  stage  in  the  synthesis  can  be  converted  to  thechloro- 
pentanone  group,  present  in  chlorophyll.  The  infrared  spectra  of  the  dipynylmethenes  have  received  little  study,  al- 
tliough  they  can  furnish  very  valuable  information  for  establishing  the  structure  of  these  compounds. 

We  made  a  study  of  the  infrared  absorption  spectra  of  a  group  of  dipyrrylmethenes  having  a  substituent  in  the 
mcso-position  [1,  2],  the  synthesis  of  which  was  based  on  the  following  four  pyrrole  derivatives:  ethyl  ester  of  6- 
(2,4-dimcthyl-3-carbcthoxy-5-pyrryl)-6-ketopropionic  acid  (1);  2,4-dimethyl-3-carbethoxypyrrole  (II);  ethyl  ester 
of  0 -(2,3-dimcthyl-4-carbethoxy-5-pyrryl)-6 -ketopropionic  acid  (III);  and  2,3-dimethyl-4-carbethoxypyrrole  (IV). 

As  a  result  of  the  combination  in  pairs  of  compounds  (I)  and  (III)  with  (II)  and  (IV)  we  obtained  four  dipyrryl- 
methenes  which  differ  from  each  other  only  in  the  variations  of  the  same  substituents  in  the  0 -position. 

The  starting  compounds  (I)-(IV)  in  the  crystalline  state  (molded  with  KBr  into  disks)  show  strong  absorption  in 
the  region  of  the  Nil  stretching  vibrations,  localized  around  3300  cm"^  (Fig-  1).  This  is  approximately  150  cm"^ 
lower  than  the  value  (3440-3480  cm“^)  found  for  the  absorption  of  the  free  Nil  group  in  substituted  pyrroles  [3]. 

The  shift  in  the  long-wave  region  and,  in  addition,  the  sharp  outline  of  the  absorption  both  suggest  that  com¬ 
pounds  (l)-(IV)  exhibit  intermolecular  association  in  the  solid  state. 

Cine  strong  band  around  1670  cm"^  appears  in  the  region  of  the  stretching  vibrations  of  the  C  =  O  bond  in  com¬ 
pounds  (II)  and  (IV)  (Fig.  1);  the  marked  reduction  in  this  value  when  compared  with  the  normal  value  of  1735- 
1750  cm"^  for  ester  groups  is  due  to  conjugation  with  the  pyrrole  ring.  Compounds  (I)  and  (III)  exhibit  three  types 
of  absorption  by  the  C  =  O  group:  in  addition  to  the  above  mentioned  carbethoxyl  group,  conjugated  with  the  ring, 
which  exhibits  absorption  here  at  1690  cm‘^  (I)  and  1720  cm"^  (III),  there  are  two  other  bands;  1730  cm"^  (I)  and 
1740  cm‘*  (III)  (isolated  carbethoxy  group),  and  1625  cm"^  (I)  and  1630  cm"^  (III)  (keto  group,  conjugated  with  the 
ring)  (Fig.  1). 

Based  on  compounds  (I)-(IV),  an  interesting  relationship  appears  between  the  position  of  the  methyl  substituents 
in  the  pyrrole  ring  and  the  activity  of  the  stretching  vibrations  of  the  ring  in  the  spectrum.  Compounds  (III)  and  (IV), 
each  having  methyl  groups  in  the  2,3 -positions,  give  one  band  in  the  vicinity  of  1500  cm"^,  corresponding  to  the 
symmetrical  vibrations  of  the  ring,  whereas  compounds  (I)  and  (II)  exhibit,  in  addition  to  this  band,  also  a  distinct 
band  at  1560  (I)  and  1580  cm"^  (II),  which  can  be  attributed  to  the  antisymmetrical  stretching  vibrations  of  the  pyrrole 
ring.  A  similar  dependence  of  the  activity  of  the  stretching  vibrations  of  the  pyrrole  ring  on  the  position  of  the  sub¬ 
stituents  in  the  ring  was  also  observed  by  other  authors  for  the  case  of  the  2,4-  and  2,5-disubstituted  pyrroles  [4].  The 
first  of  the  two  bands,  1565  and  1500  cm~^,  attributed  to  the  stretching  vibrations  of  the  ring,  proved  to  be  more  in¬ 
tense  in  the  case  of  the  2,4-disubstituted  pyrroles  and  less  intense  in  the  case  of  2,5 -substitution. 

In  the  region  of  the  NH  stretching  vibrations,  the  symmetrically  substituted  dipyrrylmethene  (V)  fails  to  show 
as  clearly  defined  absorption  as  the  starting  pyrroles  (I)  and  (II).  Together  with  this,  a  highly  diffuse  broad  band 
appears  in  the  solid  state,  having  a  peak  located  between  3200-3250  cm"^  [(V),  KBr,  see  Fig.  1].  The  intramolecular 
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character  of  the  association,  which  is  suggested  by  the  shape  and  position  of  the  band,  is  confirmed  by  the  spectrum 
of  the  dilute  solution  of  the  compound  in  chloroform,  where  the  picture  of  the  absorption  in  the  NH  region  hardly 
changes,  and  where  a  distinct  band  fails  to  appear  in  the  range  3440-3480  cm"^,  characteristic  for  the  free  NH  group 
of  pyrroles  in  solution  [(V),  CHCI3,  see  Fig.  1]. 


35C0  3000  1500  1000 


Fig.  1.  Infrared  absorption  spectra.  I -IV,  V,  VII/XIII)  Molded  into  disks  with 
KBr  at  150  atm,  in  a  vacuum  of  0.1  mm.  V  and  VII/VIII)  0.2  M  solution  in 
CHCI3,  layer  thickness  0.050  mm. 

A  single  band  at  1700  cm"^  appears  in  the  region  of  the  absorption  of  the  C  =  O  group,  corresponding  to  the 
carbethoxyl  group,  conjugated  with  the  ring.  The  absence  of  absorption  some  20-30  cm"^  above  this  value,  which 
could  be  expected  in  view  of  the  presence  of  the  isolated  carbethoxy  group  of  the  meso-substituent,  is  additional 
proof  of  the  presence  of  intramolecular  association,  accomplished  between  the  NH  and  the  C  =  O  group  of  the  meso- 
substituents,  and  causing  a  decrease  in  the  frequency  of  the  latter  to  a  value  coinciding  with  the  absorption  of  the 
carbethoxyl  groups  in  the  ring. 

Both  of  the  vibration  frequencies  of  the  pyrrole  ring,  mentioned  above  for  compounds  (I)  and  (II),  also  prove  to 
be  present  in  the  infrared  spectrum  of  compound  (V),  namely,  at  1515  and  1570  cm"^,  in  accordance  with  the  2,4- 
position  of  the  methyl  groups  in  the  two  rings. 
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Another  symmetrically  substituted  dipyrrylmethene,  obtained  from  pyrroles  (III)  and  (IV),does  not  exist  in  the 
free  state,  as  had  been  diown  by  us  previously  [5],  in  the  form  of  (VII),  but  instead  it  undergoes  prototropic,  the  so- 
called  "methene -ethylene,"  rearrangement,  converting  to  form  (XIII).  Its  spectrum  in  the  NH  region  exhibits  a 
strong,  sharp  band  at  3330  cm‘^  [(VE/XIII),  KBr,  see  Fig.  1],  analogous  to  the  absorption  shown  in  this  region  by  the 
starting  pyrroles  (III)  and  (IV).  In  chloroform  solution  this  band  splits  into  two  bands,  in  which  connection  the  ab  - 
sorption  at  3300  cm~^  is  reduced  somewhat  in  intensity  [(VII/XIII  ),CHCls,  see  Fig.  1]  (that  the  frequency  is  reduced 
can  be  judged  by  comparing  with  the  absorption  value  of  the  CH  bonds  in  the  neighboring  2800-3000  cm"^  region) 
and  a  sharp  peak  appears  at  3440  cm"^,  corresponding  to  the  free  NH  group.  The  described  behavior  is  explained  by 
the  presence  of  intermolecular  association,  which  in  solution  is  destroyed  on  dilution. 

Absorption  in  the  C  =  O  region  consists  of  one  band  at  1690  cm"^;  in  this  case  an  equalization  of  the  frequen¬ 
cies  of  the  carbethoxy  groups  in  the  ring  and  in  the  side  chain  is  due  to  conjugation  of  the  latter  through  the  ethylene 
bond  with  the  entire  system. 

Intense  abscxrption  at  1600  cm is  most  naturally  attributed  to  the  stretching  vibrations  of  the  ethylene  bond, 
since  the  value  of  this  vibration  is  slightly  high  for  the  vibrations  of  the  pyrrole  ring,  if  it  is  considered  that  for  pyrrole 
Itself  the  highest  vibration  frequency  of  its  ring  is  equal  to  1575  cm"^  [6]. 

The  weak  band  at  1510  cm"^,  detected  in  chloroform  solution  [(VII/XIII),  CHCI3,  see  Fig.  1],  is  attributed  to 
the  vibrations  of  the  ring;  in  this  connection  the  absence  of  a  second  band  in  the  vicinity  of  1550  cm"^  is  in  har¬ 
mony  with  the  statement  made  above  regarding  the  influence  of  the  position  of  the  methyl  groups  on  die  activity  of 
the  vibrations  of  the  ring  in  the  infrared  spectrum,  since  in  the  present  case  we  are  dealing  with  the  2,3-position.  For 
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compound  (XIII)  weak  absorption  at  1560  cm“^  appears  only  in  the  solid  state  [(VII/XIII),  KBr,  see  Fig.  1],  apparently, 
caused  by  the  influence  of  the  intcrmolecular  forces  of  the  crystal  lattice. 

In  addition  to  the  two  symmetrical  dipyrrylniethenes  discussed  above,  two  unsymmetrical  dipyrrylmetlienes  (VI) 
and  (Vin)  are  also  obtained  from  a  coupling  in  pairs  of  the  starting  pyrroles  (I)  and  (IV),  and  (II)  and  (III).  These  two 
compounds  behave  differently  in  the  region  of  Nil  absorption.  Here  dipyrrylmethene  (VI)  in  the  solid  state  exhibits  a 
strong,  distinct  band  at  3305  cm‘^  [(VI,  KBr,  see  Fig.  2],  whereas  dipyrrylmetliene  (VIII)  fails  to  show  well-defined 
absorption,  represented  here  by  a  lUghly  diffuse  band  with  a  center  at  approximately  3200-3250  cm"'  [(Vlll,  KBr,  see 
Fig.  2].  When  dissolved  in  chloroform,  compound  (VI)  exliibits  a  new  sharp  band  at  3440  cm*',  which,  similar  to  the 
3440  cm“'  frequency  of  the  above  discussed  compound  (XIII),  relates  to  the  vibrations  of  the  free  NH  group,  in  which 
connection  the  intensity  of  the  band  at  3305  cm"'  shows  a  corresponding  decrease  [(VI),  CHCI3,  see  Fig.  2],  while  in 
the  case  of  compound  (Vlll)  when  dissolved  in  CMCI3  there  is  no  absorption  in  the  region  of  the  free  NH  group,  with 
retention  of  a  diffuse  band  at  3250-3200  cm"'  [(VIII),  CHCI3,  see  Fig.  2], 

The  presented  facts  serve  as  evidence  that  the  NH  group  in  compound  (VIII)  is  found  in  the  state  of  intra¬ 
molecular  association,  while  in  compound  (VI)  it  is  found  in  the  state  of  intermolecular  association.  By  analogy 
with  compound  (V),  in  the  first  case  an  intramolecular  hydrogen  bond  is  apparently  formed  between  the  hydrogen  of 
the  NH  group  and  the  oxygen  of  the  ester  group  of  the  mcso-substituent. 

In  the  region  of  the  C  =  O  stretching  vibrations,  compounds  (VIII)  and  (VI)  do  not  show  any  differences  in  ab¬ 
sorption,  exhibiting  a  strong  band  at  1710  cm"',  both  in  solution  and  in  the  solid  state. 

Compounds  (VI)  and  (VIII)  exhibit  several  bands  in  the  region  from  1500  to  1650  cm"',  variable  in  intensity 
depending  on  the  aggregate  state  of  the  specimen.  The  bands  below  1600  cm"':  (VI)— 1510  cm"'  in  KBr,  and  1525  cm"' 
in  chloroform -must  be  attributed,  the  same  as  in  the  previous  cases,  to  the  vibrations  of  the  pyrrole  ring. 

t>nly  compound  (VI)  exhibits  distinct  absorption  above  1600  cm"',  and  specifically  at  1625  cm"'  in  KBr,  which 
can  be  attributed  to  the  bridging  double  bond.  As  was  shown  by  us  in  a  previous  paper  [5],  dipyrrylmethenes  (VI)  and 
(VIII)  can  be  converted  via  the  "methene -ethylene"  rearrangement  to  the  same  compound  (XI).  Here  a  character¬ 
istic  dependence  of  the  reactivity  on  the  differences  in  the  molecular  structures  of  compounds  (VI)  and  (VIII)  is  ob¬ 
served,  being  manifested  in  a  different  character  of  absorption  in  the  NH  region,  and  specifically:  dipyrrylmethene 
(VI),  where  the  above  presented  analysis  of  the  spectra  disclosed  the  presence  of  intermolecular  association,  under¬ 
going  destruction  in  solution,  rearranges  to  the  ethylene  form  (XI)  much  more  easily  than  does  dipyrrylmethene  (VIII), 
where  the  analysis  of  the  spectra  revealed  the  presence  of  a  strong  intramolecular  hydrogen  bond. 

Compound  (XI),  formed  as  the  result  of  the  rearrangement  of  compounds  (VI)  and  (VIII),  behaves  in  the  region 
of  NH  absorption  like  a  pyrrole  derivative  that  exists  only  in  the  state  of  intermolecular  association:  in  the  solid 
state  it  exliibits  a  strong,  sharp  band  at  3275  cm"',  while  in  solution  a  distinct  peak  appears  at  3440  cm"',  with  a 
corresponding  reduction  in  the  intensity  of  the  band  at  3275  cm"'. 

In  the  C  =  O  region,  compound  (XI)  in  chlorofcxm  solution  exliibits  a  strong  band  at  1690  cm"',  which  in  the 
solid  state  is  split  into  two  bands:  1680  and  1712  cm"'  [(XI),  KBr  and  (XI),  CHClg,  see  Fig.  2].  A  similar  cleavage 
occurs  with  the  single  band  of  the  stretching  vibrations  of  the  ring:  from  1490  cm"^  to  1482  and  1515  cm"'.  The 
same  as  compound  (XIII),  (XI)  also  shows  the  presence  of  the  ethylene  bond  in  the  infrared  spectrum,  exhibiting  a 
fairly  intense  band  at  1590  cm"'  in  KBr,  and  at  1600  cm"'  in  CHCI3. 

The  lactam  (X)  obtained  from  compound  (XI)  also  absorbs  in  this  region  (1620  cm"'),  while  in  the  region  of 
the  vibrations  of  the  ring  it  displays  two  bands:  a  strong  band  at  1500  cm"'  and  a  weak  band  at  1550  cm"'  [(X),  KBr, 
see  Fig.  2].  Such  an  interrelationship  in  the  intensities  of  these  bands  is  understandable  if  we  start  with  the  following 
considerations.  The  frequency  of  the  vibrations  of  the  ring  in  the  vicinity  of  1500  cm"'  is  present  in  the  spectra  of 
all  of  the  examined  substituted  pyrroles,  while  the  frequency  around  1550  cm"'  is  p.esent  mainly  in  the  pyrroles  having 
a  2,4 -substitution  of  the  methyl  groups.  Since  in  compound  (X)  one  ring  has  a  2,4 -substitution  of  the  methyl  groups, 
while  the  other  ring  has  2,3 -substitution,  then  it  is  natural  to  expect  that  the  band  at  1500  cm"'  (to  which  the  rings 
with  both  types  of  substitution  contribute)  will  be  as  least  twice  as  intense  as  the  band  at  1550  cm"'.  Additional 
proof  that  these  same  interrelationships  of  the  spectra  with  the  type  of  methyl  substitution  are  retained  in  the  dipyrryl¬ 
methenes  is  supplied  by  the  spectrum  of  compound  (XIV)  in  KBr  (Fig.  2).  where  on  has  a  2.3-substitution  of  the 
methyl  groups,  while  the  other  ring  contains  only  a  single  methyl  group.  In  accordance  with  expectation,  the  spec¬ 
trum  of  compound  (XIV)  exhibits  in  the  region  of  the  vibrations  of  the  ring  a  single  intense  band  at  1500  cm"'. 
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3500  3000  1500  1000  cm’^ 


Fig.  2.  Infrared  absorption  spectra.  VI,  VIII,  X,  XI  and  XIV)  Molded 
into  disks  with  KBr  at  150  atm,  in  a  vacuum  of  0.1  mm.  VI,  VIII,  IX 
and  XI)  0.15  M  solution  in  CHCI3,  layer  thickness  0.050  mm. 

Lactam  (IX),  formed  from  the  symmetrical  dipyrrylmethene  (V),  also  exists  in  the  state  of  intermolecular 
association,  displaying  in  chlOTofMm  solution  two  bands:  at  3310  cm"^  (bound  NH)  and  at  3440  cm"*  (free  NH) 

((K),  CHClj,  see  Fig.  2].  All  three  of  its  C  =  O  groups  absorb  at  1690  cm"*,  in  contrast  to  lactam  (X),  where  a 
cleavage  of  this  band  into  1700  and  1665  cm  '*  is  observed,  in  which  connection  the  latter  frequency  apparentlv 
relates  to  the  C  =  O  of  the  lactam  group,  if  it  is  considered  that  a  fairly  constant  range  of  1670-1630  cm"*  has  been 
established  for  N-disubstituted  amides  [7],  The  same  as  the  starting  dipyrrylmethene  (V),  lactam  (IX)  exhibits  in  the 
region  of  the  vibrations  of  the  ring  two  bands  of  approximately  equal  intensity:  at  1525  and  at  1580  cm"*.  The  fact 
that  these  bands,  the  same  as  in  the  case  of  (V),  are  approximately  equal  in  intensity  is  understandable  from  the  con¬ 
siderations  discussed  above  for  the  case  of  compound  (X),  since  in  compounds  (V)  and  (IX)  both  rings  have  the  2,4-type 
of  substitution  of  the  methyl  groups,  and  the  intensity  of  both  bands  of  the  stretching  vibrations  of  the  ring  is  multi¬ 
plied  by  two. 
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As  is  true  of  most  of  the  examined  dipyrrylmethenes,  existing  in  the  methenc  form  (V,  VIII,  XIV),  compound 
(IX)  fails  to  show  absorption  in  the  region  of  the  C  =  C  double  bond  (1600-1680  cm"*).  The  fact  that  the  bridging 
double  bond  does  not  show  any  substantial  absorption  can  be  explained  by  its  central  position  and  the  complexity  of 

the  four  substituents.  On  the  other  hand,  all  of  the  examined  compounds, 
existing  in  the  ethylene  form  (Xni,  XI,  X),  exhibit  substantial  absorption  in 
the  1600  cm’*  region,  which  relates  to  the  ethylene  bond  in  the  side  chain, 
present  in  the  infrared  spectrum  because  of  the  distinct  asymmetry  of  the  sub¬ 
stitution  in  the  present  case,  since  the  C  =  C  becomes  tri-substituted.  Never¬ 
theless,  lactam  (IX)  should  be  assigned  the  ethylene  form,  for  in  the  opposite 
case  it  would  not  exhibit  the  above  mentioned  clearly  expressed  absorption 
of  the  NH  group.  The  presented  considerations  suggest  that  different  conditions 
of  symmetry  exist  in  the  molecule  of  compound  (IX)  than  in  the  similar  mole¬ 
cule  of  lactam  (X),  the  spectrum  of  which  shows  a  substantial  intensity  of  the 
C  =  C  band  at  1620  cm’*. 

Compound  (XII)  is  formed  from  compound  (XI)  when  the  cyclopentanone 
ring  is  closed  by  the  Dieckmann  procedure.  Compound  (XII)  was  isolated  in 
two  forms,  differing  in  external  appearance  in  that  one  form  was  orange  and  the 
other  was  yellow.  The  orange  form  (Xlla)  exhibits  in  the  NH  region  a  quite 
intense  band  at  3240  cm’*,  whereas  the  yellow  form  (Xllb)  fails  to  show  notice¬ 
able  absorption  in  this  region,  with  the  exception  of  a  slight  peak  at  3100cm  *, 
the  lower  limit  for  the  frequency  of  the  NH  group  (see  Fig,  3).  It  can  be  stated 
with  a  great  deal  of  probability  that  a  strong  intramolecular  bond  is  present  in 
compound  (Xllb).  Since  with  its  formation  the  possibilities  of  creating  a  simi¬ 
lar  bond  for  the  other  NH  group,  if  it  were  present,  are  exhausted  (a  single  carbethoxyl  group  was  used  up),  while  the 
spectrum  fails  to  show  the  absorption  of  the  free,  or  found  in  intermolecular  association,  NH  group,  then  it  becomes 
possible  to  make  the  second  conclusion  that  (Xllb)  exists  in  the  methene  form. 

Both  forms,  (Xlla)  and  (Xllb),  exhibit  at  3400  cm"*  a  broad  band  of  mediiun  intensity,  the  position  and  shape  of 
which  are  not  characteristic  for  the  NH  group  in  compounds  in  the  solid  state,  where  it  usually  absorbs  in  the  limits 
3300-3100  cm"*  [4].  It  is  most  natural  to  relate  this  band  to  the  absorption  of  the  hydroxyl  group,  formed  as  the  result 
of  enolization  of  the  keto  group  in  the  cyclopentanone  ring;  analogous  absorption  was  manifested  in  the  spectra  of 
enolized  8 -diketones  [8].  Enolization  of  compound  (XII)  is  facilitated  by  the  high  activity  of  the  hydrogen  atoms 
located  between  the  keto  group  and  the  carbethoxyl  group.  Judging  by  the  similar  intensity  of  the  band  at  3400  cm"*, 
enolization  takes  place  with  equal  ease  for  both  (Xlla)  and  (Xllb);  tliis  suggests  that  (Xlla)  also  has  the  methene  form, 
since  in  the  opposite  case  of  forming  the  ethylene  form,  the  single  free  hydrogen  atom,  located  between  the  keto  and 
the  carbethoxy  groups,  would  be  consumed  during  rearrangement  to  fcH-m  the  second  NH  group,  and  enolization  of  the 
keto  group  would  become  impossible.  The  single  assumption  remains  that  two  rotational  isomers  of  compound  (XII) 
exist,  with  a  retention  of  the  coplanarity  of  the  system  of  conjugated  rings.  Both  isomers  will  be  characterized  by  a 
turning  of  one  of  the  pyrrole  rings  by  180°. 

The  existence  in  the  dipyrrylmethenes  of  stable  space -rotational  isomers  is  very  important  for  the  further  syn¬ 
thesis  of  porphyrins. 

An  IKS-11  instrument  was  used  to  take  the  infrared  spectra,  operating  with  a  NaCl  prism  in  the  600-2000  cm"* 
region,  and  using  a  LiF  prism  in  the  2500-3500  cm"*  region. 

SUMMARY 

1.  A  study  was  made  of  the  infrared  spectra  of  a  group  of  synthetically  relattd  dipyrrylmethenes  with  sub- 
stitutuents  in  the  meso -position. 

2.  It  was  established  that  these  dipyrrylmethenes  are  inclined  to  show  both  intermolecular  and  intramolecular 
association. 

3.  It  was  found  that  a  relationship  exists  between  the  intensity  of  the  stretching  vibrations  of  the  ring  and  the 
position  of  the  methyl  substituents. 

4.  The  existence  of  space -rotational  isomers  in  the  dipyrrylmethene  series  was  shown. 
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Fig.  3.  Infrared  absorption  spec¬ 
tra.  Xlla  and  Xllb)  Molded  into 
disks  with  KBr  at  150  atm,  in  a 
vacuum  of  0.1  mm. 
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M.  \’ .  l^alyakinn,  I-.  S.  /- lul  a  ii  o  v  i  cli ,  and  N.  A.  P  r  o  ob  r  a ’/lie  ns  l<  i  i 
All-Union  X'itainin  Roscarch  Insiitnlo 

I'ranslatcd  from  /’.hnrnal  Obsliolioi  Kbimii,  Vol.  :U,  No.  P, 

pp.  ‘JOSS-'JPS  l,  Soptombor,  UHvl 

cX-iginal  article  submitted  September  ’.I*.!.  V.HIO 

Petermination  of  the  separate  components  of  tlic  vitamin  11,;  group  in  natural  sources  Cl,  2]  revealed  that  tlie 
amount  of  pyridoxine  reaches  while  tlie  combined  amonnt  of  pyridoxal  and  pyridoxamine  readies  Hifh.  In  view 
of  tliis,  the  synthesis  of  pyridoxamine  possesses  definite  interest. 

However,  the  conversion  of  pyridoxine  to  pyridoxamine  under  laboratory  conditions  is  accomplished  with  dif¬ 
ficulty.  Metliods  arc  known  for  obtaining  pyridoxamine  from  pyridoxine  diacctatc  [3]  by  treatment  of  the  latter 
either  with  alcoholic  ammonia  solution  at  temperatures  up  to  110°  or  with  liquid  ammonia  at  140",  in  which  con¬ 
nection  the  maximnm  yield  does  not  exceed  Tk.  The  reduction  of  145  mg  of  pyridoxal  oxime  with  hydrogen  in  the 
presence  of  platimun  oxide  and  a  pressure  of  2  atm  gave  [3]  only  several  milligrams  of  pyridoxamine.  Karrer, 
Viseontini  and  Forster  [4]  reduced  pyridoxal  oxime  in  glacial  acetic  acid  (50  fold  amonnt)  with  hydrogen  in  the  pres¬ 
ence  of  5t>’/'’  platinum  oxide.  I’he  reduction  took  5  hr,  and  the  yield  of  pyridoxamine  dihydrochloride  was  HTh,  The 
reduction  of  pyridoxal  oxime  with  j;inc  dust  in  glacial  acetic  acid  [5]  has  the  disadvantage  that  hydrogen  sulfide  has 
to  be  used  to  isolate  die  amine. 

We  developed  a  method  for  the  reduction  of  pyridoxal  oxime  (1)  to  pyridoxamine  (II)  in  dilute  (1  ;  25)  hydro¬ 
chloric  acid,  in  the  presence  of  G'V"  palladium  chloride  and  24^0  activated  carbon.  The  reduction  took  40-50  min. 

The  yield  of  pyridoxamine  dihydrochloride  was  98.2‘7». 

CII=N01I 
1I0\  i  /CII2OM 

II3C 

(I) 

EXPERIME  NTA  L 

2 -Methyl-3 -hydroxy-4-aminomethyl-5-hydroxymethylpyridine  dihydrochloride  (II,  2HC1).  Into  the  hydrogena¬ 
tion  apparatus  were  charged  0.24  g  of  activated  carbon  and  25  ml  of  distilled  water,  and  then,  after  displacing  the 
air  by  hydrogen,  a  solution  of  0.06  g  of  palladium  chloride  in  2  ml  of  hydrochloric  acid  (d  1.18)  was  added  in  a  stream 
of  hydrogen.  The  reduction  of  the  catalyst  took  10-20  min,  and  here  35  ml  of  hydrogen  was  absorbed.  Then  25  ml 
of  ice-cold  distilled  water  and  1  g  of  pyridoxal  oxime  (m.p.  215-215.5")  were  adv'ed  to  the  reduced  catalyst.  The 
reduction  was  continued  for  45  min,  and  here  290  ml  (calculated  261  ml)  of  hydroj;e.n  was  absorbed.  The  catalyst 
was  filtered,  and  the  filtrate  was  evaporated  in  vacuo  (10  mm).  Yield  1.3  g  (98.2‘’/o).  M.p.  225-226"  (from  alcohol). 

Found  *70:  C  39.70;  H  5.78;  N  11.60;  Cl  29.08.  CgMcOzNj  •  2HC1.  Calculated  C  39.81;  H  5.84;  N  11.62; 

Cl  29.41. 

SUMMARY 

A  method  was  developed  for  the  reduction  of  pyridoxal  oxime  with  hydrogen  at  atmospheric  pressure,  in  the 
presence  of  palladium  catalyst,  and  using  dilute  hydrochloric  acid  as  the  solvent. 


CH2NII2 


(II) 
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Yu.  B.  Pyatnova,  G.  A.  Serebrennikova , 
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Tlie  synthesis  and  principal  physicochemical  properties  of  a-oleoyl-6,  a* -distearin  (I),  triolein  (II),  a- 
linoleoyl- 6 ,  a' -distearin  (III),  a-linoleoyl- 6 -palmitoyl- a’-linolenin  (IV)  and  a-linolenoyl- 6,  a*-distearln  (V), 
found  in  soybean  and  other  plant  oils,  are  described  in  the  present  paper.  As  in  the  previous  communications  [1-6], 
the  triglycerides  were  obtained  either  by  the  direct  esterification  of  the  monoglycerides:  a-monoolein  (VI),  a- 
monolinolein  (VII)  and  a-monolinolenin  (VIII)  with  stearoyl  and  oleoyl  chlorides,  in  the  case  of  compounds  (I),  (II), 
(III)  and  (V),  or  in  two  stages,  for  the  triglyceride  (IV),  via  a-monolinolein  (VII)  and  a-linoleoyl-a'-linolenin  (IX). 
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I’  =  c„i!„C()(palnhtoyl),  i-  =  c„h„co  Unoleoyl 
ol  =o;;ll"!;ofofeoytf  ■  '  "  ■’ ' 


Paper  chromatography  and  the  infrared  spectra  were  used  to  determine  the  purity  of  the  triglycerides. 

EXPERIMENTAL 

ot -Oleoyl  -  6 ,  a* -distearin  (I).  A  mixture  of  35.8  g  of  a-monoolein  (VI)  and  25  ml  of  quinoline  in  125  ml  of 
chloroform  was  treated  with  60.8  g  of  stearoyl  chloride  (b.p.  156-157°/ 0.5  mm,  m.p.  22-23.5°).  The  reaction  mass 
was  heated  under  reflux  in  a  nitrogen  stream  for  5  hr,  after  which  it  was  cooled  to  5-6°,  treated  with  250  ml  of  ether, 
and  acidified  with  50  ml  of  l(flo  sulfuric  acid.  The  upper  layer  was  separated,  washed  with  saturated  aqueous  sodium 
bicarbonate  solution,  and  dried  over  sodium  sulfate.  The  solvent  was  vacuum -distilled  (15  mm).  The  residue  was 
washed  with  80  ml  of  methyl  alcohol  at  40°,  and  then  recrystallized  twice  from  acetone  (1  :  5)  at  -55  to  -50°.  Yield 
26.3  g  (28.3^0). 

After  chromatographing  through  a  column  containing  silica  [7]  (30  g  of  silica  per  gram  of  substance),  m.p. 
25-27°. 

Found  *70;  c  77.10;  II  12.29.  Iodine  number  29.5.  CgYlljosOfe.  Cakuia*’  t  ‘Vo:  C  76.97;  H  12.24.  Iodine  num¬ 
ber  28.5. 
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Triolein  (11).  Using  the  method  described  for  the  synthesis  of  a-oleoyl-  6,  a‘ -distearin  (1),  from  40.4  g  of  a- 
monoolein  (VI)  and  30.5  g  of  quinoline  in  200  ml  of  chloroform  and  70.2  g  of  oleoyl  chloride  (b.p.  140-142“/  0.5  mm), 
after  two  recrystalUzations  from  acetone  (1  :  5)  at  -30  to  -28“,  we  obtained  50.5  g  of  triolein. 

After  chromatographing  through  a  column  containing  silica; 

M.  p.  4-5*,  d^®  0.9146,  1.4676,  MRj^  268.99.  C57H104O6  F3.  Calculated  268.63. 

Found  C  77.34;  H  11,88.  Iodine  number  85.7.  C57H1Q4O6.  Calculated ‘Vo;  c  77.74;  H  11.84.  Iodine  num¬ 
ber  86.0. 

g-Linoleoyl-B,  ot* -distearin  (III).  Using  the  same  procedure  as  in  the  synthesis  of  (I),  from  34.0  g  of  a-mono- 
linolein  (VII)  and  42.0  g  of  quinoline  in  100  ml  of  chloroform  and  95.0  g  of  stearoyl  chloride,  after  removal  of  the 
impurities  by  washing  3  times  with  50  ml  portions  of  methyl  alcohol  at  40“  and  recrystallization  from  acetone  (1  :  5) 
at  -55  to  -50*,  we  obtained  20.2  g  (41.2^)  of  (III).  M.p.  22-22.5*. 

After  chromatographing  through  a  column  filled  with  silica,  m.p.  36-38*. 

Found  *70;  C  77.62;  H  11.8.  Iodine  number  57.0.  C57Hjo60fe.  Calculated  *70;  C  77.14;  H  12.04.  Iodine  num¬ 
ber  57.2. 

tt-Linoleoyl-6  -palmitoyl-  a*-linolenin  (IV).  The  reaction  of  18.6  g  of  a-linoleoyl-a’-linolenin  (IX)  with 
9.5  g  of  palmitoyl  chloride  (b.p.  141-143*/  0.4  mm)  in  50  ml  of  chloroform,  in  the  presence  of  5.5  g  of  quinoline, 
gave,  in  the  same  manner  as  indicated  for  triglyceride  (I),  18.6  g  of  technical  product,  which  was  recrystallized 
twice  from  acetone  (1  :  5)  at  -60  to  -55*,  with  prior  separation  of  the  fraction  depositing  at  —12  to  —10*.  Yield 
3.8  g  (14.T7o). 

M. p.  -(5-3)*,  d^®  0.9479,  np  1.4776,  MRr)  251.6.  CssUggOgFs.  Calculated  250.15. 

Found ‘7o:  C  77.69,  77.48;  H  11.60,  11.26.  Iodine  number  151.6.  CssHggOg.  Calculated  *70 :  C  77.39;  H  11.34. 
Iodine  number  148.7. 

«-Linolenoyl-  6 ,  a*  -distearin  (V).  From  6.1  g  of  a-monolinolenin  (VIE)  and  6.1  g  of  quinoline  in  20  ml  of 
chloroform  and  10.6  g  of  stearoyl  chloride,  after  washing  with  85  ml  of  methyl  alcohol  at  40*  and  recrystallization 
from  acetone  (1  :  5)  at  -25  to  -20*,  we  obtained  3.9  g  (25.4*70) of  (V).  M.p.  24.3-24.5*. 

After  chromatographing  through  a  column  filled  with  siUca,  m.p.  31-31.5*. 

Found®/®:  C  77.66;  H  11.60.  Iodine  number  86.6.  C57Hj04O6.  Calculated  *70;  C  77.32;  H  11.84.  Iodine  num¬ 
ber  86.0. 

SUMMARY 

The  synthesis  of  a-oleoyl- 6,  a* -distearin,  triolein,  a-Enoleoyl- 6,  a’ -distearin,  a-linoleoyl-6-palmitoyl- 
a’-linolenin  and  a-linolenoyl-6,  a’ -distearin  was  accomplished. 
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In  previous  papers  we  described  the  synthesis  of  a  series  of  substituted  diphenyl  ethers,  which  could  be  regarded 
as  being  structural  elements  of  the  curare  alkaloids -tubocurarine  (I),  isochondrodendrine  (II),  and  others. 


A  study  of  the  spectra  of  these  compounds  and  their  dependence  on  the  character  and  position  of  the  substituents 
possesses  definite  interest.  Studies  of  this  type  have  been  made  only  with  the  simpler  diphenyl  ethers  [1-5].  Our 

studies  with  the  substituted  diphenyl  ethers  [6-9]  disclosed  the 
peculiarities  of  their  structure  as  a  function  of  the  substituents 
(see  table). 

Thus,  for  example,  the  ultraviolet  spectrum  of  2 -hydroxy - 
3-methoxy-5-formyl-4’-carboxydiphenyl  ether  (III)  shows  a  broad 
absorption  region  with  three  maxima:  at  237,  254  and  290  m/i  . 

The  middle  maximum,  corresponding  to  the  absorption  in  4- 
phenoxybenzoic  acid  [3],  can  be  explained  by  the  quinoid  struc¬ 
ture  of  the  lower  ring,  caused  by  the  carboxyl  group  found  in  the 
4'  -position  and  the  unshared  electron  pair  of  the  ether  oxygen 
atom.  Because  of  this,  the  bonds  (C  -  O  -  Cj)  of  the  oxygen 
stretching  angle  should  be  found  in  the  plane  of  the  conjugated 
ring.  A  similar  phenomenon  was  observed  for  the  4-nitrophenyl 
ethers  [10,  11],  in  which  connection  the  molecule  can  be  drawn 
out  of  the  coplanar  state  by  introducing  two  large  substituents  in 
the  ortho -position  to  the  ether  linkage.  The  absence  of  such  con¬ 
jugation  in  the  homologous  acid  (IV)  is  naturally  accompanied  by 
the  disappearance  of  the  middle  maximum  on  the  absorption  curve 
of  the  latter  compound. 

The  maximum  at  290  mp  testifies  to  the  quinoid  structure 
Fig.  1.  Ultraviolet  absorption  spectra  of  com-  of  the  vanillyl  ring  in  Jiph»  nyl  ether  (III),  confirmed  by  the  fact 

pounds  (III)-(XI).  The  numbers  of  the  curves  that  this  maximum  va.iish  ,s  when  its  phenolic  hydroxyl  is  methylat- 

correspond  to  the  numbers  of  the  compounds  ed  or  acetylated  to  compounds  (V)  and  (VI).  With  a  simultaneous 
in  the  text  and  in  the  table.  acetylation  of  the  aldehyde  group  in  compounds  (VII)  and  (VIII), 
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and  also  when  the  latter  is  replaced  by  the  methyl,  hydroxymethyl  (x  aminoethyl  group  in  compounds  (IX)-(Xl), 
together  with  a  disappearance  of  the  third  maximum,  the  first  maximum  shifts  toward  the  short-wave  region.  Ap 


,  ,  coplanar  quinoid  structure  of  the  upper  ring. 

Fig.  2.  Ultraviolet  spectra  of  compounds  rr  o 


(Xlll)-(XX).  The  curve  of  compound  (VIII)  As  a  result,  the  spectra  of  compounds  (III)  and  (V) 

Is  shown  for  comparison.  can  be  explained  by  the  existence  of  two  not  connected  con¬ 

jugated  systems  in  the  molecule,  as  can  be  seen  in  the  struc¬ 
tures  (XII)  and  (Xlla).  The  absence  of  a  single  conjugated  system  in  the  indicated  compounds  is  in  agreement  with 
the  fact  that  aromatic  rings  are  located  in  perpendicular  planes  [12], 

The  presence  of  one  nitro  group  in  the  ortho -position  to  the  ether  linkage  is  apparently  without  steric  effect  on 
the  coplanarity  of  the  molecule.  However,  there  is  noticeable  interaction  of  the  nitro  group  with  the  ether  oxygen, 
leading  to  the  appearance  of  a  slight  maximum  in  the  290-305  mp  region,  for  example,  in  compounds  (XIII)-(XV). 


/\ 

HO  0- 

(XII) 


CH.O.  //CHOHH- 

+  i 


(Xlla) 


Inflections  in  the  250  mii  region  are  observed  in  the  spectra  of  ccxnpounds  (XVII)-(XXIII),  explained  by  altera¬ 
tions  of  the  conjugations  in  the  rings  due  to  the  formation  of  intramolecular  hydrogen  bonds,  causing  a  change  in  the 
angle  between  the  planes  of  the  rings. 

Lengthening  the  chain  of  conjugation  in  the  upper  ring  causes  the  third  maximum  to  shift  toward  longer  wave¬ 
lengths,  not  changing  the  conjugation  of  the  lower  ring.  Thus,  for  example,  2-hydroxy-3-methoxy-5-(6  -nitrovinyl)- 
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4’ -carboxydiphenyl  ether  (XXIV)  exhibits  maxima  at  252  and  367  mp,  characteristic  for  compound  (III)  and  w- 
nitrostyrenes. 

All  of  the  spectra  of  the  diphenyl  ethers  were  taken  with  an  SF-4  spectrophotometer,  in  96^  alcohol  solution, 
at  a  concentration  ranging  from  0.8  •  10"^  to  1.5  •  10"^  M. 

SUMMARY 

1.  A  study  was  made  of  the  relationship  existing  between  the  absorption  spectra  of  a  number  of  diphenyl  ether 
derivatives,  functioning  as  intermediates  in  the  synthesis  of  curare  alkaloids,  and  their  structure. 

2.  It  was  shown  that  diphenyl  ethers,  containing  a  carboxyl  group  in  the  4* -position,  and  abo  having  the  vanillyl 
radical,  possess  a  quinoid  structure. 

3.  Both  rings  behave  independently  of  each  other,  which  serves  as  evidence  that  the  rings  are  In  perpendicular 
planes. 
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In  a  previous  paper  [1]  we  discussed  the  influence  of  various  substituents  in  the  aryl  radical  of  the  arylides  of 
2-chromonecarboxylic  acid  on  the  long -wave  limit  of  absorption.  A  comparison  of  the  absorption  spectra  of  the  N- 
methyl-p-hydroxyanilide  ("fixed"  form,  not  capable  of  enolization)  and  p -hydroxy anilide  of  2-chromonecarboxylic 
acid  disclosed  a  substantial  reduction  in  the  absorption  of  the  first  compound,  esi>ecially  in  the  long -wave  region. 
This  led  to  the  thought  that  the  reason  for  the  appearance  of  color  in  the  anilides  of  2-chromonecarboxylic  acid  is 
the  formation  of  a  system  of  conjugated  bonds  via  the  isomerization  of  the  CONH  group: 


0 

II 


However,  an  examination  of  the  literature  data  placed  in  doubt  the  theory  that  enolization  of  the  CONH  bridge 
is  exclusively  responsible  for  the  formation  of  deeply  colored  compounds.  Actually,  a  deep  colcar  may  be  observed 
not  only  in  the  case  of  interaction  of  the  electron -donor  (AK)  and  electron -acceptor  (KB)  portions  of  the  molecule 
via  the  completely  conjugated  system  of  double  bonds  (0),  but  also  when  the  grouping  0  AK~0~KB  breaks  the  chain 
of  conjugation  [2-8]  (Q=  CH2,  (CHjlNH,  C(C6H5)2,  CH2CH2CCXD,  etc.).*  The  Indicated  authors  associate  the  main 
reason  for  color  with  the  presence  of  a  direct  intermolecular  reaction  (complex-formation),  which  is  dependent  on  the 
degree  of  electrophilicity  and  electronegativity  of  the  systems  A  and  B.  At  the  same  time,  with  the  CONH  bridge 
present,  the  possibility  of  a  conjugated  system  of  bonds  arising  as  the  result  of  isomerization  of  the  given  grouping  is 
not  excluded.  For  example,  this  was  observed  for  the  substituted  (OCH3,  OH,  and  N(CH3)2)  anilides  of  the  mono- 
and  dinitrobenzoic  acids  [10],  Here  a  correlation  was  usually  observed  between  the  state  of  the  color  in  the  solid 
and  in  solution  [11,  13],  In  the  case  of  the  indicated  compounds,  going  from  the  mononitro  to  the  dinitro  derivatives 
is  accompanied,  as  a  rule,  by  a  deepening  of  the  color.  In  solution,  for  example,  the  band  for  the  absorption  of  the 
p-dimethylaminoanilide  of  p-nitrobenzoic  acid  in  the  long-wave  region  is  found  at  380  mp  [12],  while  the  corre¬ 
sponding  anilide  of  2,4-dinitrobenzoic  acid  exhibits  a  band  at  400  m/i  [13], 

The  additional  introduction  into  the  bridge  of  from  one  to  three  methylene  units  (anilides  of  phenylacetic,  di- 
hydrocinnamic  and  phenylbutyric  acids)  causes  a  heightening  of  the  color  for  the  corresponding  compounds  in  the 
crystalline  state  [14,  15],  while  in  solution  [12]  the  indicated  factor  facilitates  a  vanishing  of  the  color  at  dilutions 
of  the  order  of  1  •  lO"®  -  1  •  10"'*  M. 

The  question  of  color  in  compounds  of  type  AK-Q-KB,  where  the  chromonoyl  radical  is  present  as  the  electro¬ 
philic  system  (KB),  is  not  discussed  in  the  literature. 

We  synthesized  some  N-substituted  amides  of  2-chromonecarboxylic  acid  where  isomerization  of  the  amido 
grouping  could  not  lead  to  conjugation  between  the  substituted  phenyl  radical  and  the  chromone  system  (la-c,  table). 


*  In  its  influence  on  color  the  CONH  group  occupies  an  intermediate  position  between  the  -CH  =  CH-and  -CH2CH2- 
groups  [9]. 
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Separating  the  NH  group  from  the  double  bonds  of  the  phenyl  moiety  by 
two  methylene  units  causes  a  substantial  heightening  of  the  color  for  compounds 
(la-c)  when  compared  with  compounds  (ITa-c),  described  previously  [1].  Never¬ 
theless,  a  bright  lemon -yellow  color  is  observed  for  (Ic).  The  absorption  spectra 
(Fig.  1)  also  testify  to  the  deep  changes  that  took  place  in  the  solutions  of  com¬ 
pounds  (la-c)  when  compared  with  compounds  (Illa-c),  especially  in  the  visible 
region.  Tlie  color  of  the  solutions  of  die  (III)  compounds  (see  [1]),  deepening 
with  increase  in  die  electronegativity  of  the  R  substituent,  is,  in  general,  ab¬ 
sent  in  the  case  of  compounds  of  type  (1).  Compounds  (la,  b)  eacli  exhibit  two 
maxima  in  die  ultraviolet  region  of  the  spectrum  -  a  short-wave  maximum  at 
236  and  237  mfi  (log  e  4.28  and  4.42,  respectively),  and  a  log-wave  maximum 
at  304-306  m#i  (log  e  3.81  and  3.89,  respectively).  In  this  region  the  spec¬ 
trum  of  compound  (Ic)  (the  same  as  the  spectrum  of  compound  Illc)  exliibits  three 
absorption  bands,  two  of  which  (at  236  mfi ,  log  e  4.43,  and  304  mji ,  log  e 
3.99),  as  had  been  proposed  by  us  earlier  [1],  are  associated  with  the  presence 
of  the  chromone  system.  The  third  maximum  is  located  at  255  mji .  Its  in¬ 
tensity  (log  6  4.44)  is  the  greatest  and  substantially  exceeds  the  intensity  of 
the  band  for  (IIIc)  in  the  same  region  (\  261  mfi ,  log  e  4.28  [1]). 


m  m 

A  mft 


Fig.  1.  Ultraviolet  absorption  spec¬ 
tra  of  amides  of  2-chromonecar- 
boxylic  acid.  1)  N-Phenylethyl- 
amide  (la);  2)  N-(p-methoxyphenyl- 
ethyl)amide  (Ib);  3)  N-(p-dimethyl- 
aminophenylethyl)amide  (Ic). 


A  m,ji 

Fig.  2.  Ultraviolet  absorption  spec¬ 
tra  of  amides  of  p-nitrobenzoic  acid. 
1)  N-Phenylethylamide  (Ila);  2)  N- 
(p-methoxyphenylethylamide  (Ilb); 
3)  N-(p-dimethylaminophenyl- 
ethyl)amide  (lie). 


In  order  to  compare  the  chromonoyl  and  o-nitrobenzoyl  derivatives,  con¬ 
taining  the  CONHCn2CU2  bridge,  in  their  ability  to  give  colored  compounds, 
we  synthesized  compounds  (Ila-c)  (table),  where  the  sequence  of  the  groupings 
CONU  and  CH2CH2  was  the  same  as  in  the  case  of  (la-c). 

We  found  that  the  color  of  compounds  (Ila-c)  was  comparable  with  that 
of  the  corresponding  dihydrocinnamic  acid  derivatives,  having  the  indicated 
groups  arranged  in  the  reverse  order  [12,  14,  15].  Consequently,  the  order  in 
which  the  amido  group  and  the  methylene  units  are  arranged  in  the  p-nitro- 
benzoyl  derivatives  is  probably  without  important  effect  on  the  depth  of  color. 
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(Ic);  yield  947o,  m.p.  218-219°  (firoin  butanol). 

Found  C  65.33,  65.37;  H  6.18,  6.26;  N  13.37,  13.33.  C17H19O3N3.  Calculated  ^o;  C  65.11;  H  6.10;  N  13.47. 

SUMMARY 

1,  To  study  the  color  in  the  series  of  the  amides  of  2-chromonecarboxylic  acid  we  synthesized  the  N-phenyl- 
ethylamide,  N-(p-methoxyphenylethyl)amide  and  N-(p-dimethylaminophenylethyl)amide  of  2-chromonecarboxylic 
acid.  For  comparison  purposes,  we  also  synthesized  the  corresponding  anilides  of  p-nitrobenzoic  acid. 

2.  It  was  established  that  color  can  appear  in  amides  of  2-chromonecarboxylic  acid  containing  separated 
electrophilic  and  electron -donor  systems  (CONHCH2CH2  bridge).  This  indicates  that  enolization  of  the  amido  group 
in  the  anilides  of  2-chromonecarboxylic  acid  (CONH  bridge)  is  not  a  necessary  condition  for  the  creation  of  color. 

•  With  the  assistance  ofN.  D,  Solokhina. 


2792 


3.  It  was  observed  that  an  analogy  exists  in  the  behavior  of  the  chromonoyl  and  p-nitrobenzoyl  radicals  as 
regards  the  influence  on  the  color  when  going  from  compounds  with  a  CONH  bridge  to  compounds  with  a  CONHCH2CH2 
bridge. 
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The  acid  sulfoesters  of  cholesterol  and  its  analogs  may  be  obtained  by  reacting  pyridinesulfotrioxide  with 
sterols  [1], 


noil  +  C:,llr,NS03  — ►  HOSO^IINCftlls 
“  sterol  radical 


The  reaction  goes  quite  smoothly  and  with  good  yields  in  anhydrous  organic  solvents  at  30-60”  [2].  Later  the 
sulfoesters  of  cholesterol  were  obtained  in  chloroform  medium  at  room  temperature  [3],  Small  amounts  of  cholesterol 
were  isolated  from  biological  material  by  reacting  chlorosulfonic  acid  with  cholesterol  in  carbon  tetrachloride  medium 
in  the  presence  of  pyridine  [4], 

Attention  to  the  sulfo  esters  has  been  attracted  by  the  interesting  properties  of  these  compounds;  thus,  when 
halides  and  other  salts  are  reacted  with  cholesterol  pyridine  sulfates  the  pyridine  radical  is  easily  replaced  by  the 
metal  with  the  formation  of  the  potassium,  sodium  and  other  salts  of  the  sulfoesters  of  cholesterol.  The  ester  link¬ 
age  in  steryl  sulfates  is  quite  stable  in  both  acid  and  alkaline  media  at  room  temperature  and  is  destroyed  only  when 
heated  with  acids  [5].  As  a  result,  the  pyridine  radical  may  serve  as  a  reliable  protective  agent  for  the  hydroxyl 
group  in  oxidation  reactions.  The  reaction  of  diazomethane  with  pyridinium  cholesteryl  sulfate  gave  methyl  choles- 
teryl  sulfate  [6]. 

Although  the  method  for  the  preparation  of  steryl  sulfates  is  not  complicated,  still  it  requires  large  amounts  of 
absolutely  anhydrous  solvents.  For  this  reason  the  method  developed  by  us  for  the  preparation  of  steryl  sulfates  by  the 
fusion  of  the  sterol  with  pyridinesulfotrioxide  at  140-150”  possesses  interest;  however,  with  our  method  it  is  impossible 
to  obtain  the  dibromo  derivatives  of  the  steryl  sulfates  in  view  of  the  great  sensitivity  of  the  dibromides  to  heat. 

Of  the  sterols  of  animal  origin  this  method  was  checked  on  cholesterol  (I),  which  when  fused  with  pyridine  - 
sulfotrioxide  at  150”  was  converted  in  good  yield  to  pyridinium  cholesteryl  sulfate  (II). 


/\ 


2  C5II5NSO3 


(II) 


cn 


Of  the  sterols  of  plant  origin  we  obtained  pyridinium  3  -sitosteryl  sulfate  by  heating  0  -sitosterol,  isolated  from 
the  waste  of  cellulose  production  [7],  with  pyridinesulfotrioxide  at  140".  Pyridinium  0  -sitosteryl  sulfate  (III)  is  a 
white  crystalline  powder,  giving  a  positive  Llebermann-Burchard  reaction  and  a  negative  test  with  digitonin.  When 
boiled  with  alcohol,  sulfate  (III)  is  cleaved  with  the  formation  of  0  -sitosterol  (IV),  but  when  it  was  treated  with 
aqueous  potassium  chloride  solution  the  potassium  salt  (V)  was  isolated,  which  when  heated  in  refluxing  dioxane  is 
cleaved  to  0 -sitosterol  and  potassium  sulfate. 
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The  reaction  of  5,6-dibromositosterol  (VII)  with  pyridinesulfotrioxide  at  30-35°  in  absolutely  anhydrous  sol¬ 
vents  gave  the  dibromo  derivative  (VIII),  which,  in  contrast  to  5, 6-dibromo-6 -sitosterol,  is  quite  stable  and  can  be 
kept  in  a  vacuum  -desiccator  for  a  long  time  without  noticeable  decomposition. 


/\ 


/\/ 


/\/\/ 


+  CjIIsNSOa 


\/ 

Mr  I 
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(VII) 


CsHjNIlOj.SO^'^^ 
(VIM) 


\/ 
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The  fusion  of  dihydro -6 -sitosterol  with  pyridinesulfotrioxide  gave  pyridinium  dihydro  -  0 -sitosteryl  sulfate  (X), 
which  in  its  properties  proved  to  be  close  to  pyridine  0  -sitosteryl  sulfate. 


/\ 


/\/ 


I  -i-CgllsNSO^  -H- 

CsUsNIIOaSO^^'^^/ 


(IX) 


(X) 


EXPERIMENTAL 

Pyridinium  cholesteryl  sulfate  (II).  A  mixture  of  2  g  of  cholesterol  and  2  g  cf  pyridinesulfotrioxide  was  heated 
in  an  oil  batii  at  135°  for  5-7  min  and  then  for  another  3-5  min  at  150°.  The  yellow  friable  mass  was  cooled  to  30* 
and  then  treated  with  35  ml  of  chloroform,  in  which  connection  the  pyridinium  cholesteryl  sulfa  e  went  into  solution, 
while  the  excess  pyridinesulfotrioxide  separated  as  a  white  crystalline  powder,  and  after  keeping  at  0°  for  30  min,  was 
filtered.  The  addition  of  80  ml  of  petroleum  ether  (b.p.  60-80°)  to  the  filtrate  gave  a  white  deposit,  which  after 
cooling  fw  1-2  hr  was  filtered;  we  obtained  2.1  g  (S(f}o)  of  substance  with  m.p.  175-177°.  After  recrystallization 
from  a  mixture  of  chloroform  and  petroleum  ether,  m.p.  178°  (with  decompn.);  the  compound  crystallizes  with  1 
mole  of  chloroform,  which  is  cleaved  when  the  compound  is  kept  in  a  vacuum -desiccator  for  6-7  days. 

Found  *70;  S  5.00,  4.75.  Equiv.  660.  C32H51G4NS  •  CHCI3.  Calculated  <70:  S  4.81.  Equiv.  665. 
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atmospheric  moisture,  and  a  stirrer  were  charged  50  ml  of  dry  benzene  and  4  g  of  5, 6-dibromo-0 -sitosterol,  obtained 
by  the  bromination  of  0 -sitosterol  with  tetrabromopyridine  in  chloroform  solution  [9],  Then  5  ml  of  acetic  anhydride, 
5  ml  of  dry  pyridine  and  4  g  of  pyridinesulfotrioxide  were  added  to  the  reaction  mixture.  The  mixture  was  heated  in 
a  water  bath  for  30  min  at  30-32°,  cooled  to  15°,  and  stirred  with  200  ml  of  petroleum  ether  (b.p.  60-80°).  After 
keeping  in  the  refrigerator  at  0°  for  1  hr  the  precipitate  was  filtered  and  wa^ed  twice  with  a  mixture  of  benzene  and 
petroleum  ether  (1  :  5).  To  remove  the  pyridinesulfotrioxide,  the  precipitate  was  dissolved  in  25  ml  of  chloroform 
and  again  placed  in  the  refrigerator  for  30  min  at  0°.  After  filtering  the  deposited  pyridinesulfotrioxide,  the  chloro¬ 
form  filtrate  was  treated  with  100  ml  of  petroleum  ether  (b.p.  60-80°)  and  the  newly  obtained  white  precipitate  was 
filtered  after  keeping  for  2  hr  at  0°.  After  drying  in  a  vacuum -desiccator,  we  obtained  3.26  g  (64*1/0)  of  substance 
with  m.p.  134-135°  (with  decompn.). 

Found  *70;  5  4.12,4.26.  C34H5304NSBr2.  Calculated  *7o;  5  4.37. 

The  compound  is  a  white  crystalline  powder,  readily  soluble  in  chloroform,  and  more  difficultly  soluble  in 
benzene  and  toluene;  it  dissolves  in  hot  water  with  the  formation  of  a  gelatinous  solution.  A  yellowing  of  the  com¬ 
pound  is  observed  when  stored  for  several  weeks. 
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Pyrldinlum  dihydro-6-sitosteryl  sulfate  (X).  A  mixture  of  0.65  g  of  dihydro -6 -sitosterol,  isolated  from  20  g 
of  6  -sitosterol  by  treating  the  latter  with  a  mixture  of  acetic  anhydride  and  concentrated  sulfuric  acid  in  chloroform 
[9],  and  0.65  g  of  pyridinesulfotrioxide  was  fused  at  140°  for  3-5  min.  The  reaction  product  was  dissolved  in  15  ml 
of  chloroform  and  the  excess  pyridinesulfotrioxide  was  removed  by  filtration.  After  washing  with  50  ml  of  petroleum 
ether,  the  precipitate  was  filtered  and  dried  in  a  vacuum -desiccator;  we  obtained  0.6  g  (72®^)  of  (X)  as  a  white  crystal¬ 
line  powder.  After  two  reprecipitations  from  a  mixture  of  chloroform  and  petroleum  ether  (1  :  1),  followed  by  long 
standing  in  a  vacuum -desiccator,  the  substance  gave  a  negative  test  for  halogen  and  melted  at  188-190°  (with  de- 
compn.). 

Found  *70:  8  5.38,5.42.  Equiv.  560.  C34M57O4NS.  Calculated  *70;  S  5.56.  Equiv.  576. 

The  compound  is  soluble  in  chloroform  and  ethyl  and  methyl  alcohols,  less  readily  soluble  in  benzene  and 
toluene,  and  insoluble  in  petroleum  ether. 

SUMMARY 

1.  Using  cholesterol  and  0 -sitosterol  as  examples,  it  was  shown  that  it  is  possible  to  synthesize  the  3-sulfo 
esters  by  fusing  the  sterols  with  pyridinesulfotrioxide  at  140-150°. 

2.  A  study  was  made  of  the  properties  of  pyridinium  0-sitosteryl  sulfate  and  its  derivatives. 
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In  a  previous  paper  [1]  we  presented  some  data  relating  to  the  synthesis  and  study  of  pyrimido-2,l,3-thiadiazole 
derivatives;  the  latter,  as  was  revealed  by  biological  testing  [2],  exert  a  certain  activity  in  inhibiting  the  growth  of 
Ehrlich  tumors  in  mice.  Consequently,  it  seemed  of  interest  to  study  the  biological  activity  of  the  pyrimido-2,1,3- 
selenadiazole  derivatives,  since  some  recently  published  data  [3,  4]  clearly  show  that  organoselenium  compounds 
play  an  important  role  in  the  metabolic  activity  of  the  organism.  The  high  toxicity  displayed  by  organoselenium 
compounds,  as  a  result  of  which  they  have  failed  to  find  use  in  medicine  [5],  is  not  a  serious  argument  against  seek¬ 
ing  for  new  drugs  in  this  series  of  compounds;  as  is  known,  some  organophosphorus  compounds,  showing  a  higher 
toxicity  toward  warm-blooded  animals,  have  proved  to  be  extremely  effective  [6]. 

In  a  number  of  respects  the  2,1,3 -selenadiazole  derivatives  are  quite  different  from  the  corresponding  thio 
analogs,  although  in  its  electronegativity  selenium  lies  close  to  sulfur  (the  electronegativity  of  sulfur  is  2.5,  and  that 
of  selenium  is  2.4  ev  [7].  In  view  of  this,  a  comparison  of  the  reactivity  of  2,1,3 -selena-  and  thiadiazole  derivatives 
is  fully  in  order. 

In  this  paper  we  describe  the  data  obtained  in  studying  die  reaction  of  some  4,5-diaminopyrimidines  with 
selenium  dioxide  and  the  chemical  properties  of  the  obtained  pyrimido-2, 1,3 -selenadiazole  derivatives. 


When  the  reaction  is  run  with  o-diamines  (I-IV)  [8]: 
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The  process  goes  in  the  same  manner  as  with  aromatic  o-diamines;  diamines  (I-IV)  react  with  selenium  di¬ 
oxide  to  give  the  corresponding  2,1,3 -selenadiazole  derivatives  (V-VIII)  in  good  yield. 
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2 -Mercapto-6 -hydroxy-4,5 -diaminopyrimidine  (IX)  also  enters  into  the  given  reaction  to  yield,  as  might  be 
expected,  4-hydroxy-6-mercaptopyrimido-2,l,3-selenadiazole  (X),  but  the  latter  cannot  be  purified  by  the  usual 
procedures.  Recrystallization  of  the  technical  product  from  hydrochloric  acid  apparently  results  in  hydrolysis,  leading 
to  the  formation  of  4,6-dihydroxypyrimido-2,l,3-selenadiazole  (V);  a  similar  conversion  of  the  mercapto  <x  alkyl- 
mercapto  group  when  treated  with  acids  is  frequently  encountered  in  the  pyrimidine  series  [9]. 
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2-Amino-6-hydroxy-4,5-diaminopyrimidine  does  not  enter  into  the  O.  Hinsberg  reaction  [8]  under  the  usual 
conditions  of  the  experiment;  the  reaction  of  this  diamine  with  selenium  dioxide  gave  a  substance  devoid  of  selenium, 
which  was  not  investigated  further,  4,6-Dichloropyrimido-2,l,3-selenadiazole  (VIII),  as  tfie  experimental  data  reveal¬ 
ed,  is  characterized  by  a  high  reactivity;  the  chlorine  atoms  are  cleaved  even  when  the  compound  is  heated  moderately 
in  the  common  solvents;  in  view  of  this,  compound  (VIII)  could  not  be  isolated  in  the  pure  state.  The  mobility  of  the 
chlorine  atoms  in  (VIII)  is  apparently  of  the  same  order  as  in  the  chloro  derivatives  of  the  purine  series  [10];  con¬ 
sequently,  (VIII)  was  identified  as  4,6-bis(diethanolamino)pyrimido-2,l,3-selenadiazole  (XI),  obtained  by  reacting 
(Vni)  with  diethanolamine. 
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EXPERIMENTAL 

4.6- Dioxo-5,7-dimethylpyrimido-2,l,3-selenadiazole  (VI),  A  solution  of  1.3  g  of  selenium  dioxide  in  5-7  ml 
of  water  was  added  gradually  to  a  solution  of  1.5  g  of  1,3 -dimethyl-4,5 -diaminouracil  in  20  ml  of  dilute  acetic  acid 
(1  :  3).  In  measure  with  adding  the  former,  the  color  of  the  reaction  mass  changed  from  originally  yellow  to  red, 
and  then  to  violet.  After  2  hr  the  precipitate  was  filtered,  washed  with  water,  and  dried.  We  obtained  1.4  g  of  red 
crystals,  which,  after  recrystallization  from  water  or  from  50%  alcohol,  melted  at  230-231*.  The  selenium  was  deter¬ 
mined  quantitatively  by  mineralizing  the  substance  with  nitric  acid  (d  1.52)  and  subsequent  iodometric  titration  of 
the  formed  selenium  dioxide.  Approximately  0.5  g  of  the  substance  was  boiled  with  10  ml  of  nitric  acid,  and  after 
dilution  with  water  (to  100  ml),  followed  by  the  addition  of  20  ml  of  hydrochloric  acid  (d  1.19)  and  0.5  g  of  potassium 
iodide,  the  liberated  iodine  was  titrated  with  0.02  N  thiosulfate  solution  in  the  presence  of  chloroform;  a  blank  experi¬ 
ment  was  run  at  the  same  time  (1  ml  of  0.02  N  thiosulfate  solution  corresponds  to  0.0003168  gof  selenium). 

Found  %:  N  22.49,  22.88;  Se  32.15,  32.12.  C^H60^N4Se.  Calculated  %:  N  22.84;  Se  32.23. 

4,6  -Dioxo  - 7  -methy Ipyrimido -2 , 1 ,3  -selenadia zole  (VII).  A  solution  of  1.5  g  of  selenium  dioxide  in  5  ml  of 
water  was  added  to  a  solution  of  1.5  g  of  3-methyl-4,5-diaminouracil  in  20  ml  of  dilute  acetic  acid  (1  :  3),  and  the 
reaction  mixture  was  worked  up  as  described  above;  we  obtained  2.1  g  of  crystals  (93%  yield),  soluble  in  acetic  acid, 
which,  after  recrystallization  from  50%  alcohol,  melted  at  308-308.5*. 

Found  %:  N  24.61,  24.13;  Se  32.70,  32.90.  QH4C^N4Se.  Calculated  %:  N  24.24;  Se  34.19. 

4.6- Dihydroxypyrimido-2,l,3-selenadiazole  (V).  a)  A  solution  of  3  g  of  selenium  dioxide  in  10  ml  of  water 
was  added  to  a  suspension  of  2.5  g  of  2, 6 -dihydroxy -4,5 -diaminopyrimidine  sulfate  in  20  ml  of  hot  water  and  the  mix¬ 
ture  was  heated  on  the  boiling  water  bath  for  2  hr;  after  cooling,  the  precipitate  was  filtered,  washed  with  water,  and 
dried.  We  obtained  1.9  g  (50%)  of  a  pale  yellow  powder,  which  could  be  recrystallized  from  either  water  or  acetic 
acid,  and  which  did  not  melt  when  heated  to  330*. 
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Found  N  25.73,  25.80;  Se  36.80,  36.36.  C4H2C^N4Se.  Calculated  1o:  N  25.8;  Se  26.45. 

b)  A  solution  of  3  g  of  selenium  dioxide  in  10  ml  of  water  was  added  to  a  suspension  of  2.5  g  of  2-mercapto- 
6 -hydroxy -4,5 -diaminopyrimidine  in  20  ml  of  hot  water  and  the  mixture  was  treated  in  the  same  manner  as  described 
above.  We  obtained  1.5  g  (42*70)  of  a  brownish  powder,  which  after  recrystallization  from  dilute  hydrochloric  acid 
did  not  melt  when  heated  to  330*,  and  which,  based  on  the  elemental  analysis  data,  corresponded  to  the  above  de¬ 
scribed  material. 

Found  *70:  N  25.86,  25.93;  Se  36.40,  34.90.  C4H202N4Se.  Calculated  *7o;  N  25.80;  Se  36.45.  C4H20N4SSe. 
Calculated  *7o:  N  24.03;  Se  33.90. 

In  order  to  identify  it,  the  substance  was  methylated;  0.25  g  of  the  substance  was  mixed  with  1  ml  of  water, 
after  which  0.5  ml  of  36*70  NaOM  solution  and  0.8  ml  of  dimethyl  sulfate  were  added  to  this  suspension  in  1  hr;  the 
obtained  precipitate  was  filtered  and  then  recrystallized  from  50^o  alcohol.  The  mixed  melting  point  with  authentic 
4,6-dihydroxy-5,7-dimethylpyrimido-2,l,3-selenadiazole,  obtained  from  1,3 -dimethyl -4,5 -diaminouracil  and  seleni¬ 
um  dioxide,  was  not  depressed. 

4.6- Dichloropyrimido-2,l,3-selenadiazole  (VIII).  A  saturated  solution  of  selenium  dioxide  in  acetic  acid  was 
added  gradually  to  a  suspension  of  1  g  of  2,6 -dichloro -4,5 -diaminopyrimidine  (IV)  in  30  ml  of  acetic  anhydride. 

After  1  hr  the  precipitate  was  filtered  and  dried.  We  obtained  0.9  g  of  substance,  which,  because  of  its  easy  decom¬ 
position,  was  identified  by  its  reaction  with  diethanolamine. 

4.6- Bis(diethanolamino)pyrimido-2,l,3-selenadiazole  (XI).  A  mixture  of  0.6  g  of  (VIII),  10  ml  of  alcohol  and 
1.6  g  of  diethanolamine  was  heated  under  reflux  for  1  hr,  after  which  the  reaction  mass  was  concentrated  to  a  sirup  by 
heating  on  the  water  bath;  after  cooling,  the  residue  was  boiled  with  water  in  the  presence  of  carbon  and  filtered  hot. 
The  filtrate  on  cooling  deposited  yellow  crystals,  which  were  filtered  and  washed  with  cold  water.  We  obtained  0.9  g 
of  substance,  which,  after  rccrystallization  from  water,  melted  at  114,5-116°. 

Found  *7o:  N  21.58,  20.83;  Se  20.20,  20.21,  Cj2H2o04N6Se.  Calculated  *7o:  N  21.48;  Se  20.20. 

The  intermediates,  neoded  to  carry  out  the  described  syntheses,  i.e.,  2,6 -dihydroxy -4 -aminopyrimidine,  5- 
nitro-2, 6 -dihydroxy -4-aminopyrimidine,  2, 6 -dichloro -5 -nitro -4 -aminopyrimidine  and  2,6 -dichloro-4,5 -diamino¬ 
pyrimidine,  were  synthesized  by  procedures  described  in  the  literature  [11,  12]. 

SUMMARY 

1.  The  reaction  of  2,6 -dihydroxy-,  2, 6-dihydroxy-l, 3-dimethyl-  and  2,6 -dihydroxy -3 -methyl-4,5 -diamino- 
pyrimidines  with  selenium  dioxide  gave  the  corresponding  pyrimido-2,l,3-selenadiazole  derivatives;  2-amino-6- 
hydroxy -4,5 -diaminopyrimidine  does  not  react  with  selenium  dioxide  under  the  given  conditions. 

2.  The  reaction  of  2,6 -dichloro-4,5 -diaminopyrimidine  with  selenium  dioxide  supjxwedly  gave  4,6-dichloro- 
pyrimido-2,l,3-selenadiazole,  which  when  reacted  with  diethanolamine  was  converted  (supposedly)  to  4,6-bis(di- 
ethanolam  ino)py  rimido  -2,1,3  -selenadiazole . 
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In  order  to  study  the  relationship  between  chemical  structure  and  biological  activity  we  synthesized  the  previ¬ 
ously  unknown  5,5 -dialky laminoethyl  derivatives  of  barbituric  and  thiobarbituric  acids. 


Starting  with  malonic  ester  and  diethylaminoethyl  chloride,  in  the  presence  of  sodium  ethylate,  we  synthesized 
the  diethyl  ester  of  (diethylaminoethyl)maloiuc  acid  (I),  and  then  tlxe  diethyl  ester  of  bis(diethylaminoethyl)malonic 
acid  (II),  which  was  condensed  widi  lurea,  and  also  with  tliiourea,  in  the  presence  of  sodium  ethylate,  where  we  isolated 
the  corresponding  barbiturates  (Ill  and  IV)  and  the  dihydrochloride  of  5,5-bis(dicthylaminoethyl)barbituric  acid.  The 
reaction  of  (III)  with  ethyl  iodide  gave  the  quaternary  ammonium  base  (V). 

'  {C.II.OjNCII.f  IF./  ll(f  |((;.JI./,N(  11/  lljl/  (COOCjIFj), 

(I)  (II) 


CO— Nil 

(CoIl6).,NCH./.Ib.  I  I 

cx 

(r,ii,)2NCii/:ii/  I  I 

CO-NII 

X  =  O  '111),  S  (IV) 


,  CO-NH-I 

((;./!., )3NCII./.ll2  I  I 

)C  CO  2  I 
(C2ii,)3N(;ii/;ii./  I  I 

CO-NH. 

(V) 


It  should  be  mentioned  tliat  the  direct  synthesis  of  C^-disubstitiited  malonic  ester  containing  the  diethylamino¬ 
ethyl  radical  proceeds  in  low  yield  (not  exceeding  and  consequently  we  first  prepared  die  mono  derivative, 

which  was  then  converted  to  the  disiibstituted  malonic  ester. 

In  contrast  to  the  numerous  other  barbituric  acid  derivatives  described  in  the  literature  [1],  the  syndiesized  bar¬ 
biturates  are  readily  soluble  in  water,  as  are  also  the  quaternary  salts  obtained  by  reacting  the  barbiturates  with  ethyl 
iodide,  which  facilitated  their  biological  testing. 

Pharmacological  testing  of  the  compounds,  done  under  the  supervision  of  Prof.  V.  M.  Karasik,  revealed  that 
both  the  barbiturates  and  their  quaternary  salts  are  completely  nontoxic  and  do  not  exhibit  either  soporific,  or  an  - 
esthetic,  or  ganglion-blocking  action;  wc  take  this  opportunity  to  express  our  thanks  for  the  performed  biological 
testing. 

EXPERIMENTAL 

Diethyl  ester  of  (diethy lam inoethyl)ma Ionic  acid  (1).  To  the  sodium  ethybte,  prepared  from  2.3  g  of  metallic 
sodium  and  60  ml  of  anhydrous  alcohol,  was  added  16  g  of  diethyl  malonate  with  itirring,  and  after  distilling  off  the 
alcohol  at  30'  (20  mm),  a  5(f!o  benzene  solution  containing  0.1  g-mole  of  diethy  la  ndnoethyl  chloride  was  added  in 
30  min.  Then  the  reaction  mixture  was  heated  for  9  lir  on  the  boiling  water  bath  with  constant  stirring.  After  cool¬ 
ing,  the  solution  was  treated  with  100  ml  of  water  and  the  reaction  product  was  extracted  from  the  aqueous  soluticn 
with  chloroform.  After  distilling  off  the  chloroform,  the  residue  was  subjected  to  fractional  distillation.  We  ob¬ 
tained  13  g  of  compound  with  b.p.  134-142'  (12  mm),  and  np  1.4383. 

Diethyl  ester  of  bis(diethylaminoethyl)malonic  acid  (II).  Into  a  three -necked  flask,  fined  with  a  mechanical 
stirrer,  a  reflux  condenser  with  a  calcium  chloride  tube,  and  a  dropping  funnel,  was  charged  60  ml  of  anhydrous  al- 
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cohol,  followed  by  the  gradual  addition  of  1.67  g  of  metallic  sodium  and  19  g  of  the  diethyl  ester  of  (diethylamino- 
ethyl)malonic  acid  (b.p.  134-142'’/12  mm).  After  this  the  alcohol  was  distilled  off  and  a  solution  of  11  g  of  diethyl- 
aminoethyl  chloride  in  xylene  was  added  from  the  dropping  funnel.  The  mixture  was  heated  in  an  oil  bath  at  110“ 
for  10  hr  with  constant  stirring.  The  mixture  after  cooling  was  filtered  and  the  filtrate  was  treated  witli  50  ml  of 
water,  after  which  the  xylene  layer  was  separated  and  dried  over  fused  sodiiuu  sulfate.  After  distilling  off  the  sol¬ 
vent,  the  residue  was  distilled  to  give  13  g  (50^o)  of  a  fraction  with  b.p.  155-156*  (2.5  mm),  and  np  1.4543, 

Found ‘7o:  N  7.99,  8.18.  CJ9H38O4N2.  Calculated  *70:  N  7.82. 

Dihydrochloride  of  5,5-bis(diethylaminoethyl)barbituric  acid.  To  6  g  of  urea,  dried  at  80*,  were  added  80  ml 
of  anhydrous  alcohol  and  35.8  g  of  the  diethyl  ester  of  bis(diethylaminoethyl)malonic  acid  (b.p.  155-156*  at  2.5  mm). 
After  distilling  off  the  alcohol  in  vacuo,  the  residue  was  dissolved  in  100  ml  of  water  and  the  unreacted  disubstimted 
malonic  ester  was  extracted  with  ether;  the  water  layer  was  acidified  with  hydrochloric  acid  until  acid  to  Congo,  but 
after  concentrating  on  the  boiling  water  bath  to  a  sirupy  mass  and  dissolving  in  alcohol,  nothing  but  sodium  chloride 
was  isolated.  The  filtrate  after  evaporation  in  vacuo  was  a  brown  amorphous  mass,  avidly  absorbing  moisture  from 
the  air;  after  recrystallization  from  alcohol  a  substance  with  m.p.  148-150*  was  isolated. 

Found  *70;  N  13.46,  13.93.  C16H32O3N4CI2.  Calculated ‘7o;  N  14.04. 

Picrate  of  5,5-bis(diethylaminoethyl)barbituric  acid.  A  solution  of  0.9  g  of  picric  acid  in  10  ml  of  alcohol, 
obtained  by  heating,  was  added  to  a  solution  of  0,5  g  of  the  dihydrochloride  of  5,5-bis(diethylaminoethyl)barbituric 
acid  in  10  ml  of  alcohol;  the  obtained  bright  yellow,  finely  divided  precipitate  was  filtered,  washed  with  water,  and 
recrystallized  from  alcohol.  M.p.  219-220*. 

Found  <70;  N  17.86,  18.06.  CazMaaOioNy.  Calculated  N  17.66. 

5.5- Bis(diethylaminoethyl)barbituric  acid  (III).  A  solution  of  5  g  of  the  dihydrochloride  of  5,5-bis(diethyl- 
aminoethyl)barbituric  acid  in  10  ml  of  water  was  cooled  to  0*  and  then  neutralized  with  25*70  NaOH  solution;  the 
obtained  long  colorless  needles  were  filtered,  and  after  recrystallization  from  benzene  the  compound  melted  at  138- 
139*. 

Found  *70:  N  17.11,  17.44.  Ci6n3oq,N4.  Calculated  *70:  N  17.18. 

Barbituric  acid,  5,5-bis(triethylaminoethyl  iodide)  (V).  To  2  g  of  the  dihydrochloride  of  5,5-bis(diethylamino- 
ethyl)barbituric  acid  in  10  ml  of  anhydrous  alcohol  was  added  2  ml  of  ethyl  iodide  and  the  mixture  was  heated  on  the 
boiling  water  bath  for  2  hr.  On  cooling,  a  voluminous  white  precipitate  was  obtained,  which  after  recrystallization 
from  alcohol  melted  at  217-219*. 

Found  *70:  N  8.69,  8.98.  C20H40O3N4I2.  Calculated  N  8.78. 

5.5- Bis(diethylaminoethyl)thiobarbituric  acid  (IV).  To  7.6  g  of  thiourea,  dried  at  80*,  in  the  presence  of  sodium 
ethylate,  was  added  35.8  g  of  the  diethyl  ester  of  bis(diethylaminoethyl)malonic  acid,  after  which  the  reaction  mix- 
nire  was  heated  for  14  hr  at  80-90*.  Then  the  solvent  was  removed  by  vacuum -distillation,  and  the  reaction  product 
was  dissolved  in  water  and  acidified  with  hydrochlcaric  acid  (d  1.04)  to  pH  8.  Here  a  yellow  amorphous  precipitate 
was  obtained,  which  after  recrystallization  from  benzene  melted  at  168-169*.  Yield  25*7°. 

Found  *70:  N  16.11,  16.42;  S  8.74,  8.61.  Calculated  N  16.37. 

SUMMARY 

Derivatives  of  barbituric  and  thiobarbituric  acids,  containing  diethylaminoethyl  radicals  on  C5,  were  synthesized 
by  reacting  the  disubstimted  malonic  ester  with  urea  and  thiourea. 
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The  enzyme,  collagenase  from  Clostridium  histolyticum,  recently  characterized  in  a  number  of  laboratories 
[1],  and  its  other  closely  related  varieties,  have  attracted  the  attention  of  investigators  because  of  their  unusually 
narrow  proteolytic  specificity.  After  some  unsuccessful  attempts  to  obtain  synthetic  substrates  for  this  enzyme  [2], 
the  searches  finally  led  to  success.  At  almost  the  same  time  communications  appeared  from  four  different  laboratories 
on  the  obtaining  of  synthetic  substrates  for  the  enzyme  (3]. 


The  synthesis  of  two  collagenase  substrates,  composed  of  glycine,  L-proline  and  alanine,  is  described  in  the 
present  paper.  In  this  connection  the  substrates  were  obtained  using  both  D,L-alanine  and  L-alanine.  The  methyl 
ester  of  carbobenzoxy-L-prolyl-D,L-alanylglycyl-L-proline  and  the  methyl  ester  of  carbobenzoxy-L-prolyl-L- 
alanylglycyl-L-proline  were  synthesized  by  the  following  scheme. 


cbz*  -ala  (I)  +  (II)  gly-OCHj 
cbz-ala-Cl  (V)  +  glycine 


(QHsj^N 

C2H5OCOCI 


cbz-ala-gly-L-pro-NH2  (VII)  <- 

cbz-L-pro-L-ala-gly-L-pro-OCHg  (IX) 


NHg 


(C2H5)3N _ 

CgHgOCOCl,  cbz-L-pro 


cbz-ala-gly-OCHg  (III) 

1  OH- 

cbz-ala-gly-OH  (IV) 

(C2H5)sN 

QjHjOCCX:! 

L-pro-(XrHg 

cbz  -ala  -gly  -L-pro-OCHg 

(VI)  i  [HaVPd 
ala-gly-pro-OCHg  (VIII) 


When  the  methyl  ester  of  carbobenzoxy-D,L-alanylglycine  was  saponified  with  2  N  NaOH,  using  the  procedure 
described  in  the  literature  [4],  we  observed,  together  with  the  main  process  of  saponification  of  the  ester  group  and 
the  formation  of  carbobenzoxy-D,L-alanylglycine,  also  the  formation  of  the  urea  derivative,  N-carboxymethyl-N'- 
methylcarboxymethylurea,  in  33^o  yield.  It  is  probable  that  the  reaction  investigated  by  Maclaren  [5]  takes  place  here. 


fioHsCHgOco— Nil— (;n((;n3)— CO— NIICII2COOCII3  — 

HN— CH— CH3 


NaOH 


CellsCllaOII  I-  0=C  C=0  -f  CH3OII 

I 

CH2COOH 

I 

IIOOC— CII2— NH— C— NH— (:H(CM,)-(:OOII 

II 

o 


(X) 


•  L-Alanine  and  D, L-alanine;  cbz  =  QHgCHgOCO-  , 
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Compound  (X)  was  characterized  by  analysis;  in  addition,  its  infrared  spectrum  is  different  from  that  of  car- 
bobenzoxy-D,L-alanylglycine  (IV),  and  it  also  depresses  the  melting  point  when  mixed  with  carbobenzoxyalanyl- 
glycine  (IV).  The  Infrared  spectrum  of  carbobenzoxyalanylglycine  displayed  a  number  of  bands,  characteristic  for 
the  C  =  C  linkage  in  aromatic  systems,  and  specificially,  bands  showing  maximum  absorption  at  1520  and  1560  cm"', 
whereas  the  spectrum  of  (X)  contains  only  one  band  in  the  interval  1700-1417  cm"^  with  a  maximum  at  1530  cm'^, 
which  indicates  that  the  benzene  structure  Is  absent  In  compound  (X). 

Carbobenzoxy-D,L-alanylglycine  (IV)  was  synthesized  by  two  procedures  -  via  the  acid  chloride  of  carboben- 
zoxyalanine  (V)  by  the  Fischer  method,  and  by  saponifying  the  methyl  ester  of  carbobenzoxy-D,L-alanylglycine  (III). 
The  latter  was  synthesized  by  the  technique  of  mixed  anhydrides  using  ethyl  chloroformate.  Tie  specific  rotations 
of  the  products  obtained  by  the  two  methods  were  compared;  here  it  proved  that  the  method  of  mixed  anhydrides  in 
chloroform  gives  greater  racemization  than  does  the  acid  chloride  method;  however,  the  latter  method  is  also  not 
free  of  racemization. 

An  interesting  fact  that  should  be  mentioned  is  that  when  studying  the  substrate  activity  of  the  final  and  inter¬ 
mediate  products  we  found  that  the  amide  of  carbobenzoxyalanylglycylproline  (VII)  is  attacked  by  collagenase,  while 
the  methyl  ester  of  carbobenzoxyalanylglycylproline  (VI)  fails  to  suffer  cleavage,  whereas  both  the  amide  and  the 
methyl  ester  of  carbobenzoxyprolylalanylglycylproline  (IX)  are  cleaved  to  the  same  degree  by  collagenase. 

EXPERIMENTAL 

Methyl  ester  of  carbobenzoxy-D,L-alanylRlycine  (III).  Six  grams  of  carbobenzoxyalanine  was  dissolved  in  15  ml 
of  chloroform,  containing  3.8  ml  of  triethylamine.  The  solution  was  cooled  to  -15°  and  then  mixed  at  this  temper¬ 
ature  with  2.5  ml  of  ethyl  chloroformate.  The  reaction  mixture  was  kept  at  -3  to  -5°  for  15  -20  min,  again  cooled 
to  -15°,  and  then  mixed  with  a  previously  cooled  chloroform  solution,  containing  3.38  g  of  the  hydrochloride  of 
methyl  glycinate  and  3.8  ml  of  triethylamine.  The  reaction  mixture  was  then  kept  for  2  hr  at  0°  and  for  12  hr  at 
room  temperature.  The  chloroform  layer  was  washed  with  water,  1  N  HCl,  twice  with  0.5  N  Na2C03,  and  again  with 
water,  after  which  it  was  dried  over  Na2S04.  After  distilling  off  the  solvent  we  obtained  4.4  g  (57^o)  of  an  oil,  which 
crystallized  when  petroleum  ether  was  added.  M.p.  62-65°  (from  water). 

Found  *70:  C  57.48,  57.51;  H  6.21,  6.10.  C14H18O5N2.  Calculated ‘7o;  c  57.25;  H  6.15. 

Carbobenzoxy-D,L-alanylglycine  (IV).  A  solution  of  2.5  g  of  the  methyl  ester  of  carbobenzoxy-D,L-alanyl- 
glycine  [6]  in  7.5  ml  of  acetone  was  mixed  with  6.5  ml  of  2  N  NaOH  and  the  ester  was  saponified  by  keeping  the 
reaction  mixture  at  room  temperature  for  2  hr.  Then  the  reaction  mixture  was  acidified  until  distinctly  acid  to  Con¬ 
go  red  and  evaporated  to  dryness.  The  residue  was  extracted  3  times  with  hot  chloroform.  The  chloroform  extract 
was  evaporated  to  a  volume  of  10-15  ml  and  the  substance  was  made  to  crystallize  by  the  addition  of  20-30  ml  of 
ether.  Yield  1.5  g  (63®/o),  m.p.  132°  (from  water). 

N-Carboxymethyl-N'-  methylcarboxymethylurea  (X).  One  gram  of  the  methyl  ester  of  carbobenzoxy-D,L- 
alanylglycine  (III)  was  saponified  at  about  20°  with  6  ml  of  2  N  NaOH.  The  substance  quickly  dissolved  in  the  al¬ 
kali,  forming  a  clear  solution.  Within  30  min  the  solution  turned  cloudy,  followed  by  the  formation  of  a  white  emul¬ 
sion,  and  finally,  after  2  hr,  an  organic  layer  separated,  smelling  strongly  or  benzyl  alcohol.  The  alkaline  solution 
was  washed  with  ether,  and  the  ether  layer  was  discarded.  The  aqueous  fraction  was  acidified  until  acid  to  Congo 
red  and  then  was  placed  in  the  refrigerator  for  a  day.  The  obtained  crystals  were  filtered.  We  obtained  320  mg  of 
(X)  with  m.p.  138-139°.  The  substance  was  recrystallized  from  1.5  ml  of  water,  m.p.  142°.  The  mixed  melting 
point  with  carbobenzoxy-D,L-alanylglycine  was  125-130°. 

Found  ^0:  C  39.15,  39.45;  H  5.14,  5.31.  QH10O5N2.  Calculated  *70:  C  37.95;  H  5.25. 

The  filtrate  after  the  removal  of  (X)  was  evaporated  in  vacuo  to  dryness,  and  the  residue  was  extracted  3  times 
with  hot  chloroform.  The  chloroform  was  evaporated  in  vacuo,  and  the  residual  oil  was  made  to  crystallize  by  dis¬ 
solving  in  chloroform  and  then  adding  ether;  m.p.  131°.  The  yield  of  carbobenzoxy-D,L-alanylglycine  (IV)  was 
380  mg  (40^0). 

Amide  of  carbobenzoxy-D,L-alanylglycyl-L-proline  (VII).  Starting  with  2.16  g  of  carbobenzoxyalanylglycine 
(IV)  and  0.9  g  of  the  methyl  ester  of  proline  (b.p.  60.5°  at  9  mm),  the  methyl  ester  of  carbobenzoxy-D,L-alanyl- 
glycylproline  (VI)  was  obtained  by  the  usual  technique  of  preparing  mixed  anhydrides  using  ethyl  chloroformate.  The 
yield  of  the  yellow  oil  was  3.01  g  (94,2^o).  The  substance  was  dissolved  in  methanol  and  decolorized  by  boiling  with 
animal  charcoal.  The  obtained  colorless  oil  was  used  in  subsequent  syntheses. 
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A  solution  of  497  mg  of  the  methyl  ester  of  carbobenzoxy-D,L-alanylglycyl-L-proline  (VI)  in  15  ml  of  an¬ 
hydrous  methanol  was  saturated  at  0*  with  dry  ammonia.  The  solution  was  then  kept  at  20“  for  2  days.  The  methanol 
was  vacuum -distilled.  The  residue  was  dissolved  in  2  ml  of  methanol  and  then  precipitated  by  the  addition  of  ether. 

The  yield  of  white  powder  was  140  mg  (29^o),  m.p.  182-184". 

Found  °lo:  C  56.94,  56.99;  H  6.42,  6.22.  CigH2405N4.  Calculated  <70;  C  57.47;  H  6.70. 

Methyl  ester  of  carbobenzoxy-L-prolyl-D,L-alanylglycyl-L-proline  (IX).  One  gram  of  the  methyl  ester  of 
carbobenzoxy-D,L-alanylglycylproline  (VI)  was  dissolved  in  25  ml  of  methanol  and  then  hydrogenated  over  Pd-black. 
After  distilling  off  the  solvent  we  obtained  505  mg  of  the  methyl  ester  of  D,L-alanylglycylprollne  (VIII)  as  an  oil, 
which  was  used  as  such  in  subsequent  synthesis.  Starting  with  754  mg  of  carbobenzoxy-L-proline  and  785  mg  of  the 
methyl  ester  of  D,L-alaiiylglycylproline  (VII)  we  obtained,  using  the  usual  technique  for  preparing  mixed  anhydrides, 

1.4  g  (957o)  of  an  oil,  which  crystallized  when  ether  was  added.  The  substance  (IX)  was  reprecipitated  from  chloro¬ 
form  solution  with  ether.  M.p.  135-150“  [a]B“95“  (c  1,  methanol). 

Found  °lo:  C  58.50,  58.50;  H  6.69,  6.57;  N  11.34,  11.16.  Ci4H3o07N4.  Calculated  C  58.98;  H  6.50;  N  11.52. 

Methyl  ester  of  carbobenzoxyl-L-alanylglycine  (III).  Starting  with  2.8  g  of  carbobenzoxy-L-alanine  (m.p.  85“) 
and  1.59  g  of  the  hydrochloride  of  methyl  glycinate,  the  compound  was  obtained  in  the  same  manner  as  the  methyl 
ester  of  carbobenzoxy-D,L-alanylglycine,  employing  the  usual  technique  for  the  preparation  of  mixed  anhydrides. 

The  yield  of  colorless  oil,  which  was  recrystallized  from  a  mixture  of  ethyl  and  petroleum  ethers,  was  2.93  g,  m.p. 
94-96“,  [a]ij-25“  (c  5,  methanol). 

Found  *70:  C  57.12,  57.10;  H  6.07,  6.23.  C14H18O5N2.  Calculated ‘7o:  C  57.25;  H  6.15. 

Acid  chloride  of  carbobenzoxyl-L-alanine  (V).  The  compound  was  obtained  by  the  method  previously  de¬ 
scribed  by  us  for  the  preparation  of  the  acid  chloride  of  carbobenzoxyglycine  [6].  A  solution  of  1  g  of  carbobenzoxy- 
L-alanine  in  15  ml  of  absolute  ether  was  treated  at  0“  with  1  g  of  PCI5.  The  reaction  mixture  was  shaken  at  0“  for 
about  an  hour  until  nearly  all  of  the  PCI5  had  dissolved.  The  solution  was  filtered  rapidly  using  slight  cooling.  The 
clear  solution  was  then  poured  into  250  ml  of  petroleum  ether,  cooled  to  — 40“.  The  obtained  needles  of  (V)  were 
filtered,  m.p.  37-38“.  Yield  840  mg. 

Carbobenzoxy-L-alanylRlycine.  Method  A .  To  a  solution  of  300  mg  of  glycine  in  2.5  ml  of  2  N  NaOH  at  0“ 
was  added,  with  stirring,  840  mg  of  freshly  prepared  carbobenzoxy-L-alanyl  chloride  (V)  in  30-40  min.  After  all  of 
the  added  acid  chloride  had  dissolved,  the  solution  was  kept  for  another  15  min  at  0“,  after  which  it  was  filtered, 
and  the  filtrate  was  acidified  with  6  N  HCl  until  acid  to  Congo.  The  obtained  oil  was  extracted  with  ethyl  acetate. 
The  extract  was  dried  over  Na2S04,  followed  by  evaporation  of  the  solution  in  vacuo  to  a  volume  of  2.5  ml,  and 
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treatment  of  the  residue  with  ether  to  precipitate  the  substance.  We  obtained  253  mg  of  (IV),  m.p.  124-128  ,  [a]D- 
-16.3“  (c  3,  methanol). 

Found  *70:  C  55.86,  55.78;  H  5.98,  6.05.  CcHjfiOsNz.  Calculated ‘7>:  C  55.8;  H  5.72. 

Method  B.  A  solution  of  5  g  of  the  methyl  ester  of  carbobenzoxy-L-alanylglycine  (III)  in  20  ml  of  acetone 
was  saponified  by  treatment  with  NaOH  solution  at  room  temperature  (21-22“)  for  2  hr.  The  solution  was  then  acidised 
to  Congo  red,  the  acetone  was  distilled  off,  and  the  carbobenzoxy-L-alanylglycine  (IV)  was  extracted  with  ethyl 
acetate.  The  ethyl  acetate  solution  was  extracted  with  KnC03  solution,  and  after  acidification  of  the  latter,  the 
substance  was  again  extracted  with  ethyl  acetate.  The  ethyl  acetate  layer  was  washed  with  dilute  hydrochloric  acid, 
and  then  with  water.  After  drying  the  solution  over  Na2S04,  the  solvent  was  removed  by  distillation.  The  residue 
was  recrystallized  from  a  mixture  of  ethyl  acetate  and  petroleum  ether,  m.p.  120-125“.  The  yield  of  (IV)  was  2.66  g 
(55^0),  [a]^-14.2“  (c  3,  methanol). 

Found  C  55.74,  55.68;  H  5.89,  5.91.  C13H16O5N2.  Calculated  I0:  C  55.8;  H  5.72. 

Methyl  ester  of  carbobenzoxy-L-prolyl-L-alanylglycyl-L-proline  (IX).  Obtained  in  the  same  manner  as  the 
methyl  ester  of  carbobenzoxy-L-prolyl-D,L-alanylglycyl-L-proline.  From  2  g  of  carbobenzoxy-L-alanylgycine  and 
0.7  g  of  the  methyl  ester  of  proline  we  obtained  the  methyl  ester  of  carbobenzoxy-L-alanylglycyl-L-proline  (VI)  In 
9Cf7o  yield.  The  compound,  a  yellow  oil,  was  dissolved  in  methanol  and  decolorized  with  animal  charcoal.  The 
thus  obtained  colorless  oil  was  used  as  such  in  subsequent  syntheses. 

A  solution  of  760  mg  of  the  methyl  ester  of  carbobenzoxy-L-alanylglycyl-L-proline  (VI)  in  15  ml  of  methanol, 
containing  3  drops  of  water  and  3  drops  of  glacial  acetic  acid,  was  hydrogenated  over  Pd-black  for  2  hr  at  room  tem- 
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perature,  until  the  theoretical  amount  of  hydrogen  was  absorbed.  Then  the  catalyst  was  Altered  and  the  solvent  was 
removed  by  evaporation.  We  obtained  425  mg  (85*^  yield)  of  the  methyl  ester  of  L-alanylglycyl-L-proline  (VIII), 
which  was  used  as  such  in  subsequent  synthesis.  The  chromatogram  of  the  substance  gave  one  stain  with  Rf  =  0.57 
(butanol -water -CH8CC)0H  =  4:5:1). 

Analogous  to  the  methyl  eater  of  carbobenzoxy-L-prolyl-L-alanylglycyl-L-proline,  from  425  mg  of  the  methyl 
ester  of  L-alanylglycyl-L-proline  (VIII)  and  266  mg  of  carbobenzoxy-L-proline  we  obtained  830  mg  (89^o)  of  the 
methyl  ester  of  carbobenzoxy-L-prolyl-L-alanylglycyl-L-proline  (IX).  After  recrystallization  from  ether,  m.p.  136- 
143’,  [a]ff  =  119*  (c  1,  methanol). 

Found  C  58.48,  58.64;  H  6.55,  6.48;  N  11.44,  11.85.  CJ4H30O7N4.  Calculated  C  58.98;  H  6.50;  N  11.52. 

SUMMARY 

1.  The  synthesis  of  the  collagenase  substrate,  the  methyl  ester  of  carbobenzoxy-L-prolyl-L-alanylglycyl-L- 
rroline,  was  described. 

2.  It  was  shown  that  N-carboxymethyl-N’-methylcarboxymethylurea  is  formed  as  a  by-product  in  the  saponifica¬ 
tion  of  the  methyl  ester  of  carbobenzoxy-L-alanylglycine. 
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In  the  present  work  we  describe  the  synthesis  and  properties  of  tin  and  lead  organic  derivatives  of  nicotinic 
acid.  We  have  obtained  trialkylstannyl  (I)  and  dialkylstannyl  (II)  esters  of  nicotinic  acid,  and  trialkylstannyl  (III) 
and  dialkylstannyl  (IV)  esters  of  2,5 -pyridine  dicarboxylic  acid  (isocinchomeronic  acid). 

IV,SiiOII 

or  4  IIOO(:C5ll4N 
n3SnOSnR3 

^n3SnOOCC5ll4N  1-  lIjO 
(I) 

HoSnO  4-  2IIOOCC5n4N  —  R.-SnlOOCCftlUNli  4 
(ID 

II3S11OII 

or  f  UOOCC5H3NCOOII  — 
n3SnOSnR3 

— *U3SnOOCCr,ll3NCOOSnR3  4-  H,0 
(IH) 

2R2SnO  4- 2IIOOCC5M3NCOOII  — *  R2Sn(00(:C4l3NC()0)2SnR2  4-  HjO 

(IV) 

In  preparing  the  lead  organic  derivatives  of  nicotinic  acid  we  have  found  an  interesting  rearrangement  of  hy¬ 
droxyl-containing  lead  organic  compounds  connected  with  splitting  of  the  phenyl  group  and  formation  of  a  diphenyl 
lead  ester  of  the  acid.  Such  a  split  was  previously  established  in  the  reaction  of  triphenylplumbanol  with  methacrylic 
acid  [2]. 

(C.IIJal’hOll  i  ll()()C(:r,ll4N  — ♦ 

—  ((^6ll5)2»’b(OOC(:,4l4N)2  4  Coll,!  !  11/) 

(V) 


The  compounds  which  we  synthesized  are  crystalline  substances  soluble  in  chloroform,  benzene,  alcohols,  and 
other  organic  solvents;  insoluble  or  soluble  with  difficulty  in  water.  Some  of  the  physicochemical  properties  of  the 
synthesized  compounds  are  given  in  the  table. 

EXPERIMENTAL 

1.  Tri-n-propylstannyl  ester  of  nicotinic  acid.  In  a  three -necked  flask  fitted  with  a  stirrer  and  dropping  funnel 
we  placed  1.2  g  (0.01  mole)  of  nicotinic  acid  and  30  ml  of  water.  After  heating  the  mixture  and  dissolving  the  acid 
we  added  2.6  g  (0.05  mole)  of  hexa-n-propylstannoxide,  b.p.  148“  (3  mm),  n{^  1.4915,  d4®  1.2514  [1].  The  reaction 
mixture  was  heated  to  70“  for  one  hour.  An  oily  liquid  formed  and  quickly  solidified  into  a  crystalline  mass.  The 
crystals  were  filtered  off  on  a  glass  filter,  washed  several  times  with  hot  water,  and  dried  in  a  vacuum  desiccator. 
Yield  2.9  g  (8(fJo).  M.p.  90-92“  (from  benzene).  The  trialkylstannyl  esters  of  nicotinic  acid  were  synthesized  in  an 
analogous  way  from  the  trialkylstannols. 

2.  Diethylstannyl  ester  of  nicotinic  acid.  We  placed  in  a  three-necked  flask  2.2  g  (0.01  mole)  of  diethyl- 
stannone  (obtained  by  hydrolysis  of  diethyldichlorostannane  [1]),  20  ml  of  water,  and  2.7  g  (0.022  mole)  of  nicotinic 
acid.  The  reaction  mixture  was  heated  to  boiling  for  20  minutes.  At  first  the  products  dissolved,  and  then  a  crystal- 
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line  precipitate  began  to  appear,  which  was  filtered  off  on  a  glass  filter 
and  washed  with  3-4  portions  of  hot  water.  Then  it  was  dried  to  constant 
weight.  M.p.  156-158°  (from  chloroform).  Soluble  in  chloroform  and 
benzene,  not  soluble  in  water. 

3.  Bis-triethylstannyl  ester  of  2,5 -pyridine  dicarboxylic  (isocincho- 
meronic)  acid.  In  a  three -necked  flask  fitted  with  a  stirrer  was  placed 
2.2  g  (0.01  mole)  of  triethylstannol  or  hexaethylstannoxide  [1]  and  35  ml 
of  water.  After  solution,  we  added  0.8  g  of  2,5-pyridiiie  d’carboxylic 
acid  (m.p.  245°)  and  boiled  under  reflux  to  solution  of  the  acid.  The 
crystalline  precipitate  was  filtered  off,  washed  with  three  portions  of  hot 
water,  recrystallized  from  hot  chloroform,  and  dried  to  constant  weight. 
Yield  1.4  g  (50.1*70).  M.p,  263°  (with  decomposition). 

4.  Reaction  of  dialkylstannones  and  isocinchomeronic  acid.  We 
placed  in  a  fiask  1.9  g  (0.01  mole)  of  diethylstannone,  25  ml  of  water, 
and  1.6  g  of  isocinchomeronic  acid.  The  mixture  was  heated  to  boiling, 
boiled  for  30  minutes,  and  left  overnight.  The  crystalline  precipitate  was 
washed  with  several  portions  of  hot  water  and  hot  chloroform,  and  dried 
in  a  vacuum  desiccator  to  constant  weight.  From  the  analytical  data, 
the  crystalline  substance  was  assigned  a  cyclic  structure.  It  did  not  dis¬ 
solve  in  the  ordinary  solvents.  M.p.  above  300°  (with  decomposition). 

5.  Diphenyllead  ester  of  nicotinic  acid.  We  placed  in  a  three¬ 
necked  flask  4.6  g  (0.01  mole)  of  triphenylplumbanol  [2]  (obtained  by 
hydrolysis  of  triphcnylchloroplumbane  with  alcoholic  alkali)  and  20  ml 
of  alcohol.  After  solution,  we  added  1.2  g  (0.01  mole)  of  nicotinic  acid 
and  heated  the  reaction  mixture  to  boiling  and  full  solution  of  the  re¬ 
agents.  The  mixture  was  boiled  for  1.5  hours  on  a  water  bath.  At  the 
end  of  boiling  a  crystalline  precipitate  came  down  which  was  filtered  off, 
washed  with  several  portions  of  hot  water,  and  dried  to  constant  weight. 
Easily  soluble  in  benzene,  and  chloroform,  poorly  so  in  alcohol,  insoluble 
in  water. 

SUMMARY 

1.  We  have  synthesized  trialkyl-  and  dialkyltin  esters  of  nicotinic 
and  2,5-pyridine  dicarboxylic  acids. 

2.  We  have  obtained  the  diphenyllead  ester  of  nicotinic  acid.  We 
have  shown  the  splitting  of  triphenylplumbanol  with  formation  of  the  di¬ 
phenyllead  ester  of  the  acid. 
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Due  to  the  presence  in  hydroxyacids  of  two  functional  groups,  we  can  expect  dieir  reaction  with  phosphorus 
trichloride  either  on  the  hydroxyl  group,  on  the  carboxyl  group,  or  on  both  groups  at  once. 

Alcohols  reacting  with  phosphorus  trichloride  in  a  1  :  1  molar  ratio  usually  form  alkyldichlorophosphites  [1]. 
When  three  moles  of  alcohol  and  one  mole  of  phosphorus  trichloride  react  in  the  absence  of  a  base,  dialkylphos- 
phites  are  largely  formed.  The  reaction  takes  place  according  to  the  scheme  of  the  Arbuzov  rearrangement  [2]. 

Phosphorus  trichloride  reacts  with  organic  acids  in  the  absence  of  a  base  to  form  exclusively  the  corresponding 
acid  chloride.  The  mechanism  of  this  reaction  has  not  been  established  conclusively  enough  [3].  It  has  been  found 
that  hydroxyacids  of  the  aromatic  series:  salicylic  [4],  3,5-dichlorosalicylic,  3 -chlarosalicylic,  3,5-diiodosalicylic, 
nd  methylsalicylic  acids  [5]  react  with  phosphorus  trichloride  with  formation  of  compounds  with  a  bicyclic  struc¬ 
ture.  Of  the  hydroxyacids  of  the  aliphatic  series  only  lactic  acid  has  been  studied;  with  phosphorus  trichloride  this 
gives  a  crystalline  product  whose  structure  has  not  been  established  [6]. 

As  the  objects  of  the  present  investigation  we  have  chosen  a -hydroxy  propionic,  a-hydroxybutyric,  a-hydroxy- 
isobutyric,  a-hydroxyvaleric,  a-hydroxyhexanoic,  and  a-hydroxycyclohexanoic  acids.  The  reaction  of  these  hy¬ 
droxyacids  with  phosphorus  trichloride  is  accompanied  by  strong  heating  and  evolution  of  hydrogen  chloride.  How¬ 
ever,  in  most  cases  the  isolation  of  individual  compounds  from  the  reaction  products  was  not  successful.  Only  hy- 
droxyisobutyric  and  hydroxycyclohexanoic  acids  gave  compounds  which  were  not  soluble  in  phosphorus  trichloride, 
and  the  isolation  of  reaction  products  was  therefore  easier. 


The  reaction  product  from  a-hydroxyisobutyric  acid  and  phosphorus  trichloride  was  a  colorless  substance  with 
m.p.  129*  with  crystals  in  the  form  of  quadratic  plates.  It  was  very  easily  hydrolyzed  in  air,  liberating  a-hydroxy¬ 
isobutyric  acid.  Even  when  kept  in  a  closed  vessel  its  melting  point  fell  to  120°  on  the  second  day  and  to  106°  after 
several  days.  Recrystallization  from  hot  carbon  tetrachloride  could  again  give  a  product  with  m.p.  129°.  The  com¬ 
pound  did  not  react  with  phenylazide.  Hence  the  phosphorus  in  the  compound  was  in  the  pentavalent  state  [7],  Its 

P<° 


ability  to  condense  with  chloral  confirmed  the  presence  of  the  group 


[8].  We  can  assume  that  the  prod¬ 


uct  of  the  reaction  of  hydroxyisobutyric  acid  with  phosphorus  trichloride  is  bis-a-carboxyisopropylphosphorous  acid, 
which  can  be  formed  as  a  result  of  the  following  reactions. 
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^CO 


COOH/3 
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CO 


coon/2 


-f  )CC\ 
\H  CII3/  I 

cooil 


The  results  of  titration  of  bis-a-carboxyisopropylphosphorous  acid  with  alkali  confirm  this  scheme.  The  pres¬ 
ence  of  free  carboxyl  groups  is  confirmed  by  its  reaction  with  phosphorus  pentachloride. 
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EXPERIMENTAL 


Reaction  of  ot-hydroxylsobutyrlc  acid  with  phosphorus  trichloride.  To  52.0  g  of  hydroxyisobutyric  acid  heated 
to  50*  with  stirring  we  added  dropwise  46.0  g  of  phosphorus  trichloride.  After  addition  of  the  whole  amount,  the  mix¬ 
ture  was  kept  for  one  hour  at  85-90*.  When  cooled  to  70“,  fine  crystals  appeared  and  were  filtered  off,  washed  with 
ether,  and  recrystallized.  Yield  35.0  g  (82.6^o).  M.p.  129*  (from  hot  CCI4).  Easily  soluble  in  dioxane,  acetone,  and 
ethanol,  and  when  heated,  in  carbon  tetrachloride  and  aromatic  hydrocarbons;  insoluble  in  ether  and  hexane.  Water 
easily  hydrolyzed  them. 

Found‘d:  P  12.50,  12.45.  M  250.  QH^OtP.  Calculated ‘7'’:  P  12.20.  M  254. 

Reaction  of  ot-hydroxycyclohexanoic  acid  with  phosphorus  trichloride.  To  14.4  g  of  hydroxycyclohexanoic  acid 
with  stirring  and  heating  to  70*  was  added  9.6  g  of  phosphorus  trichloride.  After  keeping  for  one  hour  at  100°,  the 
mixture  was  cooled.  At  90°,  crystals  appeared  which  were  filtered  off  and  recrystallized. 

Yield  8.8  g  (50.3®/o);  fine  needles  with  m.p.  94-95°  (from  benzene). 

Found  “yo:  P  8.35,  8.42.  Ci4H2307P.  Calculated  <70 ;  p  9.20. 

In  the  reaction  of  a-hydroxypropionic,  a-hydroxybutyric,  <x-hydroxyvaleric,  and  g-hydroxyhexanoic  acids 
with  phosphorus  trichloride  liquid  homogeneous  masses  were  formed  which  after  removal  of  volatile  materials  by 
heating  in  a  vacuum  passed  into  a  glassy  state.  We  could  not  isolate  individual  substances. 

Condensation  of  bis-a-carboxyisopropylphosphorous  acid  with  chloral.  In  1.17  g  of  chloral  with  heating  we 
dissolved  2.0  g  of  bis-a-carboxyisopropylphosphorous  acid.  On  the  next  day  a  complex  crystalline  mass  had  formed. 
We  obtained  fine,  colorless  crystals  with  m.p.  72°  (from  ether). 

Found  <70:  P  6.30,  6.15.  CuHigOgPCla.  Calculated  ^o:  p  6.20. 

Reaction  of  bis-ot-carboxyisopropylphosphorous  acid  with  phenylazide.  To  2  g  of  bis-a-carboxyisopropyl- 
phosphoroiis  acid  in  benzene  we  added  1  ml  of  phenylazide.  Evolution  of  nitrogen  did  not  occur  even  when  the  sol¬ 
vent  was  heated  to  boiling. 

Reaction  of  bis-ct-carboxyisopropylphosphorous  acid  with  phosphorus  pentachloride.  We  heated  5.0  g  of  bis-a- 
carboxyisopropylphosphorous  acid  and  5.0  g  of  phosphorus  pentachloride  to  boiling  in  15  ml  of  phosphorus  oxychloride 
for  30  hours.  Energetic  evolution  of  hydrogen  chloride  occurred.  After  removal  of  phosphorus  oxychloride  in  a  vacu¬ 
um,  a  thick  mass  remained  which  partly  crystallized  after  some  time.  The  crystals  were  washed  with  ether.  We  ob¬ 
tained  a  white  crystalline  mass  which  immediately  deliquesced  in  air.  It  had  the  characteristic  odor  of  an  acid 
chloride. 


SUMMARY 

It  is  shown  that  the  reaction  of  a -hydroxyisobutyric  acid  and  a -hydroxycyclohexanoic  acid  with  phosphorus 
trichltxide  in  the  absence  of  a  base  proceeds  with  formation  of  the  corresponding  bis-ot-carboxyalkylphosphorous  acid. 
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It  is  known  that  dialky Iphosphorous  acids  react  easily  with  esters  of  isocyanic  acid  and  give  substituted  amides 
of  dialkylcarbamoylphosphonic  acids  [1]. 

UNCO  f  (iro).^poii  —  i\Nii(:opo(on')2 

It  was  interesting  to  carry  out  the  addition  of  dialky  Iphosphorous  acids  to  diisocyanates  (1,6 -hexam  ethylene  di¬ 
isocyanate).  It  was  shown  that  the  reaction  occurs  in  the  presence  of  alcoholates  of  the  alkali  metals  or  in  the  pres¬ 
ence  of  alkali  metals. 


2(n0).,P(0)II  I  Na  — ►(RO).2PONa 
2(nO).,PONa  -\-  0=C=N(CH2)oN=C=0  -> 


— >  (ii())2Poc=^N((:ii2)«N=cp()(on)2 
I  I 

ONa  ONa 


42(R0),P(0)H 
— 2(H<)),t’ONa 


— *  (ro).,poc=:N(ch2)oN=(:po(OR)2 

I  I 

OH  OH 

— r  (R0)2P0C0NH(CH2)6NHC0P0(0R)2  etc. 
R  =  CH,.  c,n..  n  -CsH,.  n  -f'.Ht,  n  -f-*”.- 


Evidently  the  metallic  sodium  by  exchange  reaction  with  the  dialkylphosphorous  acid  forms  a  salt  of  the  dialkyl- 
phosphorous  acid.  Then,  due  to  the  unshared  electron  pair  on  the  phosphorus  atom,  there  is  addition  of  the  sodium 
dialkylphosphorite  to  the  carbonyl  groups  of  the  diisocyanate  molecule,  after  which  the  addition  product  rearranged 
into  the  substituted  amide,  hexamethylene-l,6-bisdialkyl  esters  of  amidocarbamoylphosphonic  acid. 

We  obtained  in  pure  form  and  sufficiently  good  yield  the  hexamethylene-l,6-bisdimethyl,  diethyl,  and  diiso¬ 
propyl  esters  of  amidocarbamoylphosphonic  acid.  The  ability  to  crystallize  of  the  higher  esters  was  less  and  they 
crystallized  very  slowly.  Hexamethylene -1,6 -bis -di-n -butyl  ester  of  amidocarbomoylphosphonic  acid  could  not  be 
isolated  in  crystalline  form.  Hexamethylene-l,6-bis-di-n-propyl  and  diisobutyl  esters  crystallized  only  after 
standing  for  3-6  months.  The  esters  are  easily  soluble  in  alcohol,  ether,  benzene,  dioxane,  and  carbon  tetrachloride; 
white,  crystalline  substances  (see  table). 

To  show  the  structure  of  these  esters,  one  of  them,  hexamethylene-l,6-bisdiisopropyl  ester  of  amidocarbamoyl¬ 
phosphonic  acid  was  prepared  by  a  counter  synthesis  by  the  method  of  A.  E,  Arbuzov.  A  mixed  sample  gave  no  melting 
point  depression. 

We  also  studied  the  addition  of  some  substituted  dialkylphosphorous  acids  to  1,6 -hexamethylene  diisocyanate. 

We  showed  that  the  introduction  of  the  cyano  group  into  the  molecule  of  dialkylphosphorous  acid  decreased  the  ability 
of  the  latter  to  undergo  the  addition  reaction,  which  can  be  explained  by  the  effect  of  the  cyano  group  on  the  mobility 
of  the  electron  on  the  phosphorus  atom.  1,6 -Hexamethylene  diisocyanate  and  a-dicyanoisopropylphosphorous  acid 
were  sealed  in  an  ampule  and  stood  for  two  years.  In  the  first  year  we  noted  a  small  increase  in  viscosity.  0,6'-DI- 
chlorodie  thy  Iphosphorous  acid  under  the  same  conditions  reacted  faster  with  1,6 -hexamethylene  diisocyanate  than 
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,  P 

Yield, 

Formula 

M.p. 

Found 

Calc. 

°lo 

.Nll(:0l»p(0(;il3)2 

(rjl2)n\ 

\nii(:op()(0(:h.,)., 

HS® 

ir..22.  1.5..56 

1.5.8 

8.5. 

NllCOPOfOC-Jlr,)-. 

^NIICOPOfOCjH.Oj 

54 

13.54.13.7 

13.96 

82- 

.NM(:oi»0(OC3ll--n.)2 

(f:n2)o( 

^NHcni»o(0(;3ii7-n.)2 

38 

12.24, 12.39 

12.4 

87 

.NMCOI'OfOCJI,-  iso >2 

YnIICOI'OIOCoM;-  iso). 

102 

12.2.  12.3 

12.4 

84 

/NIICO PO(()C4ll,,-  iso)2 

\nm(:op()(OC4II„-  iso)2 

10.63.  10,87 

11.1 

80 

did  a-dicyanoisopropylphosphorous  acid.  The  mOTe  rapid  increase  in  viscosity  of  the  reaction  mass  in  this  case  showed 
that  the  chlorine  atom  has  less  effect  than  the  cyanide  on  the  mobility  of  the  electron  on  the  phosphoms  atom. 

EXPERIMENTAL 

Addition  of  dimethylphosphorous  acid  to  1,6-hexamethylene  diisocyanate.  We  placed  in  an  ampule  11  g  (0.1 
mole)  of  dimethyl  phosphorous  acid  and  added  small  pieces  of  metallic  sodium.  Then  we  introduced  8.4  g  (0.05 
mole)  of  1,6-hexamethylene  diisocyanate.  The  ampule  was  sealed  and  allowed  to  stand  at  room  temperature  for  ten 
hours.  The  reaction  was  accompanied  by  heat  and  increase  in  viscosity  of  the  reaction  mass.  After  12  hours,  the 
whole  reaction  mass  crystallized.  The  ampule  was  opened  and  the  product  was  recrystallized.  Yield  16.5  g  (85°lo). 
M.p.  88"  (from  CCI4). 

Found  *70:  P  15.22,  15.56.  CoHzeOgNjPz.  Calculated  “Vo :  P  15.8. 

Addition  of  the  other  dialkylphosphorous  acids  to  1,6-hexamethylene  diisocyanate  was  carried  out  in  an  analog¬ 
ous  manner. 

Hexamethylene -1,6 -bis -diisopropyl  ester  of  amidocarbamoylphosphonic  acid.  In  a  small  round  bottomed  flask 
fitted  with  a  reflux  condenser  and  calcium  chloride  tube  we  placed  8.32  g  of  triisopropyl  phosphite  and  4.82  g  of 
hexamethylene -1,6 -bishydrochloride  of  carbamic  acid.  The  reaction  was  accompanied  by  slight  heating  and  evolu¬ 
tion  of  isopropyl  chloride.  Yield  5  g.  M.p.  102-103°.  A  sample  mixed  with  tlie  product  obtained  by  addition  of  di- 
isopropylphosphorous  acid  to  1,6-hexamethylene  diisocyanate  gave  no  melting  point  depression. 

SUMMARY 

1.  We  have  found  that  dialkylphosphorous  acids  add  to  1,6-hexamethylene  diisocyanate  with  formation  of 
hexamethylene-l,6-bisdialkyl  esters  of  amidocarbamoylphosphonic  acid. 

We  have  carried  out  the  addition  of  dimethyl,  diethyl,  di-n-propyl,  diisopropyl  and  diisobutylphosphorous  acids 
to  1,6-hexamethylene  diisocyanate. 

2.  The  structure  of  the  resulting  substances  has  been  shown  by  a  counter  synthesis  by  the  method  of  A.  E.  Ar¬ 
buzov. 
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The  formation  of  amino  acids  on  the  surface  of  the  earth  is  the  source  of  the  origin  of  life  on  the  earth.  After 
the  formation  of  amino  acids,  the  synthesis  of  peptides  and  proteins  begins,  and  with  the  help  of  these  the  synthesis 
of  protoplasm  is  carried  out. 

Oparin  [1]  considers  that  in  the  prebiological  period  there  occurred  for  this  synthesis  the  following  important 
energetic  factors:  ultraviolet  irradiation  of  the  sun  of  about  10*®  kilocal  per  year,  which  could  reach  the  surface  of 
the  earth  in  much  greater  amount  than  at  the  present  time,  and  also  the  energy  of  electrical  discharges  in  the  at¬ 
mosphere.  Although  this  latter  comprises  about  O.l-l.OP/o  of  the  energy  of  the  ultraviolet  irradiation,  yet  it  is  an 
important  factor  in  the  activation  of  chemical  reactions. 

Loeb  [2]  in  1913  showed  the  formation  of  glycine  in  the  silent  discharge  in  a  mixture  of  carbon  monoxide,  am¬ 
monia,  and  water  vapor.  Recently  Miller  [3]  studied  the  formation  of  glycine, a -alanine,  0 -alanine,  sarcosine,  a- 
aminobutyric  acid  and  others  in  the  electric  discharge  in  a  mixture  of  methane,  ammonia,  hydrogen,  and  water  vapor. 

Bahadur  [4]  found  the  famation  of  serine,  aspartic  acid,  valine,  lysine,  and  other  amino  acids  by  the  action  of 
artificial  illumination  of  a  mixture  of  paraformaldehyde,  potassium  nitrate,  and  ferric  chloride  in  water,  and  Pav¬ 
lovskaya  and  Pasynskii  [5]  found  formation  of  amino  acids  on  ultraviolet  illumination  of  a  solution  of  formaldehyde, 
ammonium  chloride,  and  ammonium  nitrate. 

In  the  present  work  we  have  studied  the  effect  of  cobalt  and  nickel  ions  on  the  formation  of  amino  acids  in  a 
water  mixture  of  paraformaldehyde  and  potassium  nitrate,  and  also  the  possibility  of  using  an  organic  photocatalyst, 
benzoyl  peroxide,  for  this  synthesis. 

EXPERIMENTAL 

In  a  50  ml  Sigcol  conical  flask  we  prepared  18  mixtures  containing  paraformaldehyde,  potassium  nitrate,  and 
the  corresponding  catalyst.  These  flasks  were  divided  into  three  groups  with  six  flasks  in  each.  In  the  first  group  we 
used  cobalt  chloride  as  the  catalyst,  in  the  second,  nickel  chloride,  and  in  the  third,  benzoyl  peroxide. 

In  all  the  flasks  we  weighed  out  0.1  g  of  paraformaldehyde.  In  a  calibrated  flask  we  placed  0.2  g  of  potassium 
nitrate,  0.05  g  of  the  corresponding  catalyst,  and  brought  the  volume  to  400  ml  with  distilled  water.  We  measured 
out  30  ml  of  each  solution  in  all  six  flasks  of  each  group. 

Thus,  all  the  above  mixtures  contained  0.1  g  of  paraformaldehyde,  0.2  g  of  potassium  nitrate,  and  0.05  g  of  the 
corresponding  catalyst  and  the  total  volume  of  each  mixture  was  30  ml. 

All  the  mixtures  were  first  studied  chromatographically  and  it  was  shown  that  amino  acids  were  entirely  absent 
in  them.  The  flasks  were  stoppered  with  surgical  gauze  and  sterilized  under  a  pressure  of  1  atm  for  30  minutes  in  an 
autoclave.  After  a  day  at  room  temperature  the  solutions  were  again  sterilized  under  the  same  conditions. 

Three  flasks  out  of  each  group  were  covered  with  a  thick  black  cloth,  and  the  other  three  remained  undarkened. 
Then  all  the  mixtures  were  placed  at  a  distance  of  45  cm  from  a  1000  W  electric  lamp. 

After  the  corresponding  period  of  action  of  the  electric  light,  as  the  table  shows,  we  took  one  flask  from  each 
group  which  was  submitted  to  the  action  of  light  and  one  which  was  not  so  treated,  and  we  analyzed  them  for  the 
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Period  of 

Catalyst 

illumina  - 
tion,  hours 

Conditions 

Amino  acid  composition  of  mixture 

119.15 

In  light 

Valine 

In  dark 

Trace 

CoCle 

343.15 

In  light 

Glycine 

In  dark 

Histidine  (in  sufficient  amounts) 

911.0 

In  light 

Ornithin,  asparagine,  arginine,  aspartic  acid 

In  dark 

Trace 

119.45 

In  light 

Trace 

In  dark 

Trace 

NiClj 

511.45 

In  light 

Glycine,  aspartic  acid 

In  dark 

Trace 

915.00 

In  light 

Alanine,  glycine,  ornithine 

1 

In  dark 

Trace 

343.00 

In  light 

Glycine 

In  dark 

Trace 

Benzyl  peroxide 

511.45 

In  light 

In  dark 

Glycine 

Trace 

915.00 

In  light 

Glycine 

In  dark 

Trace 

Note:  On  the  chromatogram  of  the  mixtures  kept  in  the  dark  very  weak  rings  are  formed  for 
several  amino  acids  after  prolonged  reaction,  but  these  rings  are  so  weak  that  they  cannot  be 
fully  interpreted. 


content  of  amino  acids  by  the  method  of  circular  paper  chromatography  [6].  Identification  of  the  amino  acids  was 
carried  out  by  the  use  of  circular  sheets  of  paper,  cut  radially,  with  simultaneous  deposition  of  amino  acid  standards. 

As  the  developer  we  used  a  mixture  of  butanol-acetic  acid -water  and  as  the  substance  for  coloring  we  used 
ninhydrin  in  acetone. 

The  results  obtained  in  the  analysis  of  the  above  mixtures  for  amino  acid  composition  after  illuminating  the  mix 
ture  of  paraformaldehyde  and  potassium  nitrate  in  the  presence  of  various  catalysts  are  given  in  the  table. 

DISCUSSION 

These  results  show  that  illumination  of  a  mixture  which  contains  water,  paraformaldehyde,  and  potassium  nitrate 
forms  several  amino  acids  and  cobalt  and  nickel  ions  act  as  catalysts  in  this  reaction.  Nickel  ions  cause  formation 
of  a  larger  amount  of  amino  acids,  while  cobalt  ions  lead  to  obtaining  a  greater  number  of  amino  acids  than  nickel 
ions,  though  the  total  amount  of  acids  formed  is  less.  Benzoyl  peroxide  also  acts  as  a  catalyst,  but  here  only  glycine 
is  formed,  and  further  increase  in  the  time  of  illumination  does  not  result  in  formation  of  other  amino  acids,  al¬ 
though  the  amount  of  glycine  increases  with  increasing  duration  of  the  reaction. 

A  study  of  the  formation  of  amino  acids  in  longer  periods  of  illumination  shows  that  in  mixtures  which  contain 
Co"^  ions  at  first  valine  appears,  and  then  glycine,  asparagine,  arginine,  and  aspartic  acid  which  appears  only  after 
911  hours  of  illumination.  In  the  mixtures  which  contain  Ni"*"^  ions,  formation  of  amino  acids  goes  slowly  at  first,  and 
the  first  definite  appearance  in  the  mixture  of  glycine  and  aspartic  acid  occurs  only  after  511  hours  of  illumination. 
With  increase  in  the  period  of  illumination  to  915  hours,  alanine,  glycine,  and  ornithine  appear  in  the  mixture.  The 
quantity  of  amino  acids  in  the  mixture,  determined  by  the  method  of  circular  paper  chromatography,  from  the  thick¬ 
ness  of  the  band  and  the  intensity  of  the  color,  is  greatest  when  Ni++  ions  are  used  as  the  catalyst. 

The  fcxmation  of  these  amino  acids  can  be  explained  by  the  following  scheme,  given  by  Bahadur  [7]. 


NlIzCHjCOONHi -I-II2O  NHjCIIjCOOH  NH4OII 

glycine 

j+CH.O 

NH2COCH2CIICOOH  HOCIlii.llCOOII 


MI, 

t 


+  NH, 
-H,0 


Ml, 

serine 

l+CH.O 
X  -H.o 


o 


HOOCCH2CHCOOH  OlICClIjCMCOOH 

I  I 

MI,  Ml, 


aspartic  acid 


+2H 


onccn2CH2cncooH  hociIjCiIjChcooii 

2  ,  -H.O  I 

MI,  Ml, 


I+nh, 

l-H,0 


+2H 


N1I=CHCH2CH2CIIC00II  — ^  NH2CII2CH2CII2CIICOOH 


I 

MI, 


MI, 

i  ornithine 
fNH.CONH, 

-H,0 

NH2CNHCIl2CIl2Cil2CIICOOH 

II  I 

Nil  MI, 

arginine 


Terenin  [8]  has  found  formation  of  free  radicals  in  the  mixture  on  illumination,  leading  to  the  synthesis  of 
amino  acids. 

SUMMARY 

On  illumination  of  a  mixture  of  paraformaldehyde,  potassium  nitrate,  and  distilled  water  in  the  presence  of 
salts  of  cobalt  or  nickel  with  a  1000  W  electric  lamp,  amino  acid  synthesis  occurs.  The  content  of  amino  acids  in¬ 
creases  with  increased  duration  of  the  illumination. 

LITERATURE  CITED 

1.  A.  1.  Oparin,  Origin  of  Life  on  Earth  [in  Russian]  (Izd.  AN  SSSR,  1957). 

2.  W.  Loeb,  Ber.  690  (1913). 

3.  S.  MUler,  J.  Am.  Chem.  Soc.  77,  2351  (1955). 

4.  K.  Bahadur,  Nature,  173,  1141  (1954);  K.  Bahadur  and  S.  Ranganaike,  ZhOKh,  25,  1629  (1955). 

5.  T,  E.  Pavlovskaya  and  A,  G.  Pasynskii,  Paper  at  the  International  Symposium  on  Origin  of  Life  on  Earth  (Mos¬ 

cow),  98  (1957). 

6.  K.  V.  Girl,  Current  Sci.  20,  258  (1951);  K.  V.  Giri  and  A.  L.  N.  Prasad,  Nature,  7861  (1951);  K.  V.  Glri  , 
K.  Krlshnamurthy,  and  T.  A.  Venkitasubramanian,  Current  Sci.  11  (1952). 

7.  K.  Bahadur,  Current  Sci.  98  (1957). 

8.  A.  Terenin,  Cuirent  Sci.  26,  99  (1957). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter>by>letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  perf- 
odical  literature  may  well  be  available  In  Engliah  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


2815 
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This  work  was  carried  out  in  order  to  establish  the  order  of  addition  of  sulfur  monochlofide  and  hydrogen  sul¬ 
fide  to  fluorinated  olefins  when  illuminated  under  pressure. 

It  was  shown  that  on  illumination  in  a  glass  ampule  of  a  mixture  of  hydrogen  sulfide  and  trifluorochloroethyl' 
ene  under  pressure  in  the  presence  of  benzoyl  peroxide  there  was  obtained  dichloroperfluorodivinyl  sulfide  and  its 
polymers. 


\US 


r,F,-CKCI 


lS(CF2-CnFCl),I 


s(cf=(jfci)2  I  |S(CF=r:Fci)2i„ 


In  die  reaction  of  sulfur  monochloride  with  vinyl  fluoride  under  the  same  conditions  we  evidently  obtain  2,2'- 
difluoro-2,2’  -dichlorodiethyl  sulfide. 


s,.ci2  s(cn2(;nFCi)2-i- s 


The  structure  of  these  compounds  was  confirmed  by  the  fact  that  all  the  C-Cl  and  C~F  bonds  were  very  inert. 
Even  after  many  hours  of  stirring  them  in  water  at  room  temperature  we  did  not  find  fluoride  or  chloride  ions  in  the 
solution.  In  compounds  with  one  2-chloroethyl  group  and  one  2’-fluoro-2'-chloro  or  2’,2'-difluoroethyl  group,  only 
one  chlorine  atom  of  the  2-chloroethyl  groups  was  easily  hydrolyzed.  These  compounds  were  obtained  by  reaction 
of  l-fluoro-l-chloro-2-bromoethane,  l-fluoro-l,2-dichloroethane,  and  l,l-difluoro-2-bromoethane  with  sodium  2- 
hydroxyethylmercaptide  followed  by  replacement  of  the  hydroxyl  group  by  chlorine. 


IIO(:il2Cll2SNa 


CH.Urr.HFCl 


.(:M2CIIFCI 

\(:n2(;ii20H 


SOCl, 


/Cii2cnFci 

S' 

'\CII2CH2C1 


The  order  of  addition  of  sulfur  monochloride  to  vinyl  fluoride  is  indirectly  confirmed  by  the  fact  that  on  reac¬ 
tion  of  sulfur  monochloride  with  vinylchloride  there  is  obtained  2,2,2',2’-tetrachlorodiethyl  sulfide,  hydrolyzed  by 
water  with  formation  of  a  dialdehyde,  which  shows  its  structure  as 

S2CI2  S(CH2CHCl2).2  S  ^CIl2C^°  j 

EXPERIMENTAL 

2,2'-Difluoro-2,2*  -dichlorodiethyl  sulfide.  In  a  150  ml  thick  walled  glass  ampule  we  placed  20.3  g  (0.15  mole) 
of  sulfur  monochloride  and  0.2  g  of  benzoyl  peroxide.  Then  the  ampule  was  cooled  with  liquid  air,  evacuated,  and 
connected  with  a  reservoir  of  vinyl  fluoride.  When  18.5  g  (0.4  mole)  of  vinyl  fluoride  had  condensed  in  the  ampule, 
it  was  sealed  and  placed  at  a  distance  of  3-5  cm  from  a  500  W  lamp.  The  ampule  was  illuminated  for  200  hours, 
then  opened,  the  sulfur  crystals  separated,  and  the  reaction  mixture  was  distilled  at  reduced  pressure.  The  fraction 
which  boiled  at  77-81°  (9  mm)  was  washed  several  times  with  warm  water,  dried  with  sodium  sulfate,  and  again  dis¬ 
tilled  at  78-79°  (9  mm).  Yield  9  g(30^o). 

ni^  1.4813,  d”  1.4550. 

Found  lo:  C  24.11;  H  3.41;  S  16.93;  F  18.74;  Cl  36.0.  C4H6SF2C]e.  Calculated  lo-  c  24.67;  H  3.08;  S  16.41; 

F  19.49;  Cl  36.41. 


2816 


Colorless  liquid  with  an  unpleasant  odor.  Insoluble  in  water,  easily  soluble  in  ether,  chloroform,  and  benzene. 

2,2*  -Difluoro-2,2*  -dichlorodiethyl  sulfo-p-toluenesulfonylimine.  We  shook  3.9  g  (0.02  mole)  of  2,2*-difluoro- 
2,2’-dIchlorodiethyl  sulfide  with  a  solution  of  the  chloroamine  CH3C6H4S02NNaCl  •  3H2O  in  10  ml  of  water  for  one 
hour.  The  reaction  product  was  filtered  and  washed  with  water.  After  two  recrystallizations  from  hot  alcohol  we  ob¬ 
tained  4.6  g  of  CH3QH4S02NS(CH2CHFC1)^  in  the  form  of  fine  white  crystals  with  m.p.  139*. 

Found  °Jo:  S  17.65;  F  10.65;  Cl  18.98.  CuH,30iNS2F2Cl2.  Calculated  S  17.60;  F  10.43;  Cl  19.50. 

2,2,2'  ,2*  -Tetrachlorodiethyl  sulfide.  In  a  150  ml  thick  walled  glass  ampule  we  placed  27  g  (0.2  mole)  of  sulfur 
monochloride,  0.2  g  of  benzoyl  peroxide,  and  12.4  g  (0.2  mole)  of  vinyl  chloride.  Then  the  ampule  was  sealed  and 
placed  at  a  distance  of  3-5  cm  from  a  500  W  lamp.  After  15  days,  the  ampule  was  opened,  the  sulfur  crystals  which 
had  separated  (6.2  g)  were  filtered  off.  We  obtained  a  dark  cherry  red  liquid  which  distilled  at  106*  (8  mm).  Yield 

8.2  g  (36^0), 

n®  1.500,  d?  1.5823. 

Found  I0:  C  21.52;  H  2.87;  S  14.16;  Cl  62.52.  CjMeSC^  Calculated  I0:  C  21.06;  H  2.62;  S  14.04;  Cl  62.28. 

The  substance  was  yellow  and  had  an  unpleasant  odor;  easily  soluble  in  ether,  chloroform,  and  benzene;  not 
soluble  in  water,  but  was  slowly  hydrolyzed. 

2-Fluoro-2,2*  -dichlorodiethyl  sulfide.  A  solution  of  20  g  (0.2  mole)  of  sodiimi  2 -hydroxy ethyl  mcrcaptide  in 
150  ml  of  alcohol  was  added  with  cooling  to  32  g  (0.2  mole)  of  l-fluoro-l-chloro-2-bromoethane  in  10  ml  of  al¬ 
cohol.  The  reaction  mixture  stood  for  several  hours.  Then  the  alcohol  was  distilled  off  with  small  pressure  reduc¬ 
tion,  and  the  crystals  of  sodium  bromide  were  carefully  washed  with  absolute  ether.  After  distillation  of  the  ether 
we  obtained  a  liquid  with  a  pale  green  color  which  was  mixed  with  10  g  of  pyridine  and  then  with  cooling  was  treat¬ 
ed  dropwise  witli  24  g  of  thionyl  chloride  and  the  reaction  mixture  was  heated  on  an  oil  bath  at  80-110"  for  several 
hours  to  remove  sulfur  dioxide.  Then  the  reaction  product  was  cooled,  washed  with  water,  and  the  oily  liquid  was 
dissolved  in  ether.  The  ether  solution  was  washed  successively  with  a  weak  solution  of  hydrochloric  acid  and  a  soda 
solution,  dried  with  anhydrous  sodium  sulfate,  and  after  removal  of  the  solvent,  was  distilled.  Yield  4.5  g  (12.770). 

B.p.  102"  (16  mm),  ng  1.5050,  df  1.3301. 

Found  *70:  S  18.31;  F  10.06;  Cl  39.72.  C4H7SFC12.  Calculated  ‘7o:  S  18.08;  F  10.72;  Cl  40.11. 

2-Fluoro-2,2'-dichlorodiethylsulfo-p-toluenesulfonylimine.  We  shook  3.54  g  (0.02  mole)  of  2-fluoro-2,2’- 
dichlorodiethyl  sulfide  with  a  solution  of  5.6  g  (0.02  mole)  of  the  chloroamine  in  50  ml  of  water  for  one  hour.  The 
reaction  product  was  filtered  off  and  washed  with  water.  After  two  recrystallizations  from  hot  alcohol  we  obtained 

3.2  g  of  sulfonylimine  in  the  form  of  fine  white  crystals  with  m.p.  119.5". 

Found  I0:  c  38.08;  H  4.15;  S  18.62;  F  5.62;  Cl  19.90.  CuHi40^NS2FCl2.  Calculated  ^0:  C  38.15;  M  4.04; 

S  18.50;  F  5.49;  Cl  20.52. 

2,2-Difluoro-2'  -chlorodiethyl  sulfide.  From  26.2  g  (0.262  mole)  of  sodium  2 -hydroxyethyl  mercaptide,  38  g 
(0.262  mole)  of  l,l-difluoro-2-bromoethane,  and  25  g  of  thionyl  chloride  we  obtained  12  g  (28.6^o). 

B.p.  77’  (23  mm).  n{j  1.4675,  dj^  1.3501. 

Found  °Io:  C  29.45;  H  4.37;  S  20.25;  F  23.66;  Cl  22.42.  C4H7SF2CI.  Calculated  *7o:  C  29.80;  H  4.40;  S  20.00; 

F  23.60;  Cl  22.20. 

Colorless  liquid,  not  soluble  in  water,  easily  soluble  in  the  usual  organic  sol\  ents. 

Tetrafluorodichlorodivinyl  sulfide.  In  a  150  mm  thick  walled  tube  we  placed  0.2  g  of  benzoyl  peroxide,  4.5  g 
(0.13  mole)  of  hydrogen  sulfide,  and  26  g  (0.22  mole)  of  trifluorochloroethylene.  The  ampule  was  sealed  and  placed 
at  a  distance  of  10  mm  from  the  lamp  (500  W).  The  mixture  was  illuminated  for  about  15  days.  After  this  the  vol¬ 
ume  of  the  liquid  phase  had  decreased  about  one  third,  the  liquid  became  light  yellow,  and  a  layer  of  sodium  floride 
appeared  on  the  walls  of  the  ampule.  After  opening  the  ampule  the  liquid  was  distilled  and  we  collected  the  frac¬ 
tion  with  b.p.  64"  (748  mm). 

nf)  1.3984,  d4®  1.5160. 

Found ‘7o:  C  20.52;  S  14.14;  F  33.50;  Cl  31.28.  €^¥40^.  Calculated  <70:  C  21.13;  S  14.10;  F  33.49;  Cl  31.28. 
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The  monomer  of  tetrafluorodlchlorodivinyl  sulflde  easily  resinified  in  air. 

SUMMARY 

1.  In  the  case  of  reaction  of  hydrogen  sulfide  with  trifluorochloroethylene  it  was  shown  that  the  fluorine-con¬ 
taining  ethylene  could  react  with  hydrogen  sulfide  with  formation  of  a  halogen  derivative  of  divinyl  sulfide. 

2.  In  the  case  of  reaction  of  sulfur  monochloride  with  vinyl  chloride  and  fluoride  it  was  shown  that  the  halo- 
genated  ethylene  reacts  with  it  on  illumination  with  evolution  of  elementary  sulfur  and  formation  of  the  corresponding 
halogenated  dialkylsulfide. 


2818 
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Institute  of  High  Molecular  Compounds,  Academy  of  Sciences,  USSR 
Translated  from  Zhurnal  t')bshchei  Khimii,  Vol.  31,  No.  9, 
pp.  3023-3025,  September,  1961 
Original  article  submitted  October  17,  1960 


We  have  previously  studied  the  reaction  of  conversion  of  methylol  methacrylamide  under  the  influence  of  acid 
catalysts  [1],  It  was  shown  that  when  it  was  heated  in  the  presence  of  hydrochloric  acid  in  a  dichloroethane  medium, 
it  split  out  water  to  form  dimethacrylamidodimethyl  ether.  With  increased  catalyst  concentration  the  ether  was  con¬ 
verted  into  methylene-bis-methacrylamide.  A  study  of  the  properties  of  dimethacrylamidodimethyl  ether  showed 
that  it  has  a  better  solubility  in  organic  solvents  then  the  methylene  derivative  and  therefore  is  of  interest  as  a  com¬ 
ponent  of  copolymerization  for  obtaining  cross  connected  co-polymers  [2]. 

It  is  of  interest  to  study  the  reaction  of  conversion  of  other  methylol  amide  derivatives  of  unsaturated  acids, 
for  example,  acrylic  or  substituted  acrylic  acids. 

It  is  known  that  on  heating  methylol  acrylamide  in  the  presence  of  an  acid  catalyst,  there  is  formation  of  for¬ 
maldehyde  and  methylene-bis-acrylamide  (CH2  =  CHCONH)2CH2  with  splitting  out  of  water  [3].  We  have  succeeded 
in  directing  the  reaction  toward  splitting  of  water  and  formation  of  diacrylamidodimethyl  ether  (CH2=  CHCONHCH2)20. 

We  also  synthesized  the  previously  undescribed  methylol-6,6  -dimethylacrylamide  by  reaction  of  0,0  -dimethyl- 
acrylic  acid  amide  with  paraformaldehyde.  Methylol-0,0 -dimethylacrylamide  is  crystalline  with  m.p.  81-82°,  soluble 
in  benzene  and  ethyl  acetate  and  does  not  polymerize  when  heated  in  the  presence  of  initiator  radicals  of  the  type  of 
ionic  catalysts.  When  heated  in  the  presence  of  acid  catalysts,  it  is  converted  into  methylene -bis -0,0 -dimethyl¬ 
acrylamide,  crystals  with  m.p.  173.5-174.5°. 

EXPERIMENTAL 

Methylol  acrylamide  was  prepared  by  the  method  of  Fewer  and  Lynch  [3].  M.p.  74°  (from  ethyl  acetate).  0,0- 
Dimethylacrylic  acid  chloride  of  thionyl  chloride  and  0,0 -dimethylacrylic  acid  [4].  0,0 -Dimethylacrylamide  was 
obtained  by  reaction  of  0,0 -dimethylacrylic  acid  chloride  with  Liquid  ammonia  [5].  M.p.  108-109°. 

Diacrylamidodimethyl  ether.  A  mixture  of  10.1  g  (0.1  mole)  of  methylacrylamide,  75  ml  of  carbon  tetra¬ 
chloride,  and  0.1  ml  of  hydrochloric  acid  (d  1.19)  was  heated  with  stirring  at  60-62°  for  30  minutes  to  precipitation 
of  crystals.  After  separation  from  the  solution  and  drying  they  gave  5.1  g  (55.5*70).  M.p.  125.5-126°  (from  ethyl 
acetate). 

Found  *70:  C  52.32;  H  6.55;  N  15.29.  M  184.6.  CsHeOjNj.  Calculated  *70:  C  52.14;  H  6.52;  N  15.27.  M  184.1. 

Found  °lo-.  Br  63.53.  C8Hj203N2Br4.  Calculated  %■.  Br  63.25. 

Methylol-0,0  -dimethylacrylamide.  A  mixture  of  10.1  g  (0.1  mole)  of  0,0  dimethylacrylamide,  3.0  g  (0.1 
mole)  of  paraformaldehyde,  120  ml  of  carbon  tetrachloride,  and  0.032  g  (0.25*70)  ol  sodium  ethylate  was  heated  with 
stirring  at  55°  for  15  minutes  to  obtaining  an  oily  product.  The  crude  product  was  filtered  and  crystallized  at  a  tem¬ 
perature  of  about  0°.  Yield  10  g  {iTjo)-.  M.p.  81-82°  (from  ethyl  acetate). 

Found  <7o:  C  56.06;  H  8.86;  N  10.75;  active  H  2.08.  CicHiAN.  Calculated  *7o:  C  55.80;  H  8.58;  N  10.85; 
active  H  2. 

Found  *70:  Br  55.20.  CsHuC^NBrj.  Calculated  *7o:  Br  55.32. 
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Methylene -bis-B.S -dtmethylacrylamide.  A  mixture  of  2.58  g  (0.1  mole)  of  meihylol-6,6 -dimethylacryl- 
amide,  60  ml  of  carbon  tetrachloride,  and  0.15  ml  of  hydrochloric  acid  (d  1.19)  was  heated  to  60*  for  two  hours. 

After  removal  of  the  solvent  and  drying,  we  obtained  1.36  g  (65*Vo).  M.p.  173.5-174.5*. 

Found  C  62.24;  H  8.76;  N  13.32.  CjiHisOiNz.  Calculated  C  62.85;  H  8.63;  N  13.33. 

SUMMARY 

We  have  synthesized  and  characterized  methylol-6,6 -dimethylacrylamide.  We  have  studied  the  action  of 
acid  catalysts  on  the  methylol  derivatives  of  acrylic  and  B,6 -dimethylacryllc  acids.  We  have  obrained  diacrylamido- 
dlmethyl  ether  and  methylene -bis- 6, 6 -dimethylacrylamide. 
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FLUOROMETHYL  ESTERS  OF  SULFURIC  ACID 

VI.  ALKYLATION  OF  FLUORO-SUBSTITUTED  DIMETHYLSULFATES 

G.  A.  Sokol’skii  and  M.  A.  Dmitriev 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 
pp.  3025-3027,  September,  1961 
Original  article  submitted  August  29,  1960 


In  a  previous  communication  we  considered  processes  for  preparing  fluorosubstituted  methyl  esters  of  sulhiric 
acid  [1]. 

We  showed  that  the  alkylating  ability  of  fluoromethyl  esters  of  sulfuric  acid  depends  on  the  number  of  atoms 
of  fluorine  in  the  sulfate  molecule.  Then  the  possibility  of  using  the  fluorine -containing  dimethyl  sulfate  as  an 
alkylating  reagent  is  determined  by  the  thermal  stability. 

The  reaction  of  monofluoro-  and  difluorodimethyl  sulfates  with  potassium  iodide  is  quite  difficult  compared 
to  the  analogous  reaction  of  the  unsubstituted  dimethylsulfate,  and  takes  place  only  by  heating  to  50-60°.  The  main 
reaction  product  in  both  cases  is  methyl  iodide. 

Such  a  direction  of  the  alkylation  reaction  can  be  explained  thus,  that  the  polarizability  of  the  bonds  of  the 
alkyl  residues  with  the  sulfate  group  in  the  case  of  unsymmetrically  substituted  fluorine  derivatives  of  dimethyl¬ 
sulfate  is  unequal,  and  on  dissociation  of  these  compounds  there  is  a  preferential  ionization  of  the  nonfluorinated 
methyl  group,  for  example; 

(j|I1.’2_()_S02— (.)— Cll;,  CIIFg— o— SO.^— O- 4 Cll;,^ 

This  fact  is  probably  connected  with  the  relative  difficulty  of  heterolytic  formation  of  these  cations,  which  in¬ 
creases  in  the  order  CH3'*'  >  CH2F‘*'  >  CHF2‘'‘  >  CMs'*'. 

It  should  be  noted  that  the  stability  of  these  cations,  if  their  formation  could  be  determined  under  comparable 
conditions,  should  be  changed  in  the  contrary  direction. 

In  discussing  these  results,  it  becomes  clear  that  fluoromethylation  and  difluoromethylation  can  occur  only 
when  using  sulfates  which  contain  fluorine  atoms  in  both  alkoxyl  groups.  Actually,  in  the  reaction  of  symmetrical 
tetrafluorodimethylsulfate  with  potassium  iodide  difluoroiodomethane  is  formed: 

(.IIK.,— O-SO2-O-CIIF2-I  K1  — >  CIIF2-0-S0.,-0K  I  CIIF2I 

However,  the  yield  of  alkylation  product  is  not  very  high  (25°}o),  which  is  connected  with  the  earlier  discussed 
thermal  instability  of  tetrafluorodimethylsulfate  [2].  Just  because  of  this  fact  we  cannot  carry  out  difluorination  of 
various  mineral  and  organic  compounds. 

In  this  connection,  the  high  thermal  stability  of  hexafluorodimethylsulfate  leads  to  the  possibility  of  using  this 
compound  as  a  methylating  medium.  However,  it  was  shown  that  when  hexaflucxoQ'jnethylsulfate  was  heated  with 
dry  potassium  iodide,  and  also  with  solutions  of  this  salt  in  water  or  methanol,  we  did  not  find  a  trace  of  trifluoro- 
iodomethane  and  the  starting  sulfate  was  ioslated  in  unchanged  form;  analogous  results  were  obtained  even  when  al¬ 
kaline  additives  were  used  (for  example,  calcium  carbonate)  as  catalysts  for  the  alkylation  reaction. 

On  the  other  hand,  it  was  shown  that  hexafluOTodimethylsulfate  reacts  with  elementary  iodine  by  four  hour 
heating  of  an  equimolar  mixture  of  these  reagents  at  260°.  Here  there  occurs  formation  of  a  gaseous  reaction  prod¬ 
uct  from  which  we  isolated  trifluoroiodomethane  and  sulfur  dioxide: 

OF;,— 0— SO2-O— CF3  4  I  2  —  CF3I4-  SO2  4- 
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8.7  g  of  sublimed  iodine  was  heated  in  a  70  ml  steel  autoclave  at  260°  for  four  hours.  After  cooling,  the  autoclave 
was  opened  and  the  contents  evaporated.  The  gaseous  products  were  condensed  in  a  trap  cooled  with  a  mixture  of 
acetone  and  carbon  dioxide;  the  uncondensed  gases  were  collected  in  a  gasometer.  We  collected  in  the  trap  about 
5  ml  of  condensate;  in  the  gasometer  was  1.5  liters  of  gas;  in  the  autoclave  there  remained  about  6.5  g  of  solid  residue. 

The  condensate  was  fractionated  and  the  following  fractions  were  isolated; 

1st;  b.p.  -22  to  -21.5°,  2.8  g  of  colorless  gas  which  condensed  to  a  colorless  liquid  and  was  trifluoroiodo- 
methane. 

Found  F  28.54.  M  190.3.  CF3I.  Calculated  <70;  F  29.08.  M  195.9. 

2nd;  b.p.  -10  to  -9°,  0.9  g,  sulfur  dioxide. 

Found ‘7o:  M  62.5,  iodine  equiv.  0.99,  O^S.  Calculated  *70:  M  64.1,  iodine  equiv.  1.00. 

3rd;  b.p.  29-30°,  3.9  g,  starting  hexafluorodimethylsulfate. 

The  residue  in  the  autoclave  was  washed  with  cold  water  and  was  elementary  iodine.  In  the  wash  water  we 
detected  sulfate  ion  and  the  absence  of  fluoride  ion. 

b)  In  a  quartz  tube  we  placed  8.7  g  of  sublimed  iodine  and  4  g  of  hexafluorodimethylsulfate.  After  sealing, 
the  tube  was  illuminated  with  the  light  of  a  mercury  lamp  for  eight  hours;  the  reaction  mixture  was  here  heated  to 
80-90°.  After  cooUng,  the  tube  was  opened  and  the  gaseous  products  distilled  off  and  passed  successively  through  a 
trap  cooled  with  ice  and  a  wash  vessel  with  1  N  solution  of  sodium  hydroxide,  and  were  condensed  in  a  trap  cooled 
with  a  mixture  of  acetone  and  carbon  dioxide.  The  condensate  in  the  amount  of  5.8  g  (897o)  was  redistilled  and  was 
trifluoroiodomethane. 

SUMMARY 

We  have  studied  the  alkylating  ability  of  some  fluorine  substituted  dimethylsulfates  and  have  shown  that  mono- 
fluorodimethylsulfate  and  unsymmetrical  difluorodimethylsulfate  have  only  a  methylating  action;  symmetrical  tetra- 
fluorodimethylsulfate  can  be  used  as  a  difluoromethylating  agent;  hexafluorodimethylsulfate  is  capable  of  homolytlc 
reaction  only. 
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Attempts  to  use  elementary  phosphorus  in  reactions  leading  to  the  formation  of  organic  phosphorus  compounds 
have  been  made  by  many  investigators,  Carius  [1]  reported  the  preparation  of  tetraethyl  phosphonium  iodide  by 
heating  ethyl  iodide  with  yellow  or  red  phosphorus  in  a  sealed  tube  at  150-170'.  These  experiments  were  later  con¬ 
firmed  by  other  investigators  [2].  It  was  shown  that  trifluoromethyl  iodide  can  also  alkylate  yellow  phosphorus  [3]. 
Phosphorus  was  more  successfully  alkylated  by  passing  the  vapors  of  phosphorus  and  alkyl  halide  over  copper  powder 
[4]. 

In  the  present  work  we  describe  experiments  on  the  direct  alkylation  and  arylation  of  yellow  phosphorus  with¬ 
out  a  catalyst  or  activating  additive,  which  no  one  had  previously  studied. 

When  benzyl  chloride  is  heated  with  yellow  phosphorus  for  four  hours  at  300“,  benzyldichlorophosphine  can  be 
isolated  from  the  reaction  mass.  Alkylation  and  arylation  reactions  evidently  occur  by  a  radical  mechanism,  since 
at  high  temperatures  alkyl  and  aryl  halides  tend  to  homolytic  splitting  of  the  bond  carbon -halogen. 

The  free  radical  formed  attacks  the  molecule  ot  yellow  phosphorus,  wluch  is  a  tetrahedron  at  whose  apices  are 
arranged  the  phosphorus  atoms,  bound  to  each  otlier.  Phosphorus  is  very  stable  to  thermal  action  and  begins  to  split 
into  two  molecules  of  P2  only  at  800*.  Thus,  in  the  initial  stages  of  alkylation  and  arylation  there  is  rupture  of  P-P 
bonds  under  the  action  of  radicals  and  formation  of  tetraphosphoradical  or  aryl  halide,  which  under  the  influence  of 
repeated  attack  by  the  radical  particles,  accompanied  by  rupture  of  the  P-P  bonds,  change  into  phosphohalides. 

1*4 -i  3Coii,(;ii,-|  l  ((:6ii5CiL,),i'(:i 

It  is  interesting  to  explain,  even  though  only  qualitatively,  the  relation  between  the  stability  of  the  radical  and 
the  minimum  temperature  at  which  the  reaction  occurs.  We  were  able  to  explain  this  effect  by  considering  the  fol¬ 
lowing  particles  in  the  reaction: 


Ccll5Cll2<(:oll5CIICII;,<(^:6iy2(-"<(f'6H5)sf-. 


whose  stability  with  respect  to  effect  of  substituents  increases  on  passing  from  left  to  right.  It  was  shown  that  the  tem¬ 
perature  at  which  the  reaction  occuned  decreased  on  going  from  the  halogen  derivatives  which  form  less  stable  radicals 
to  halogen  derivatives  which  form  more  stable  radicals:  for  benzyl  chloride  the  minimum  reaction  temperature  required 
was  300°,  for  1-chlorophenylethane,  270',  for  diphenylchloromethane,  250“,  and  for  triphenylchloromethane,  225'. 

EXPERIMENTAL 

Arylation  of  yellow  phosphorus  by  benzyl  chloride.  We  heated  126.6  g  (1  mole)  of  benzyl  chloride  and  15.5  g 
(0.5  mole)  of  yellow  phosphorus  in  a  sealed  tube  at  300'  ftx  four  hours.  The  cor*  ents  of  the  tube  were  distilled  in  a 
vacuum  in  a  stream  of  dry  nitrogen. 

1st  fraction,  52.4  g,  b.p.  100-109',  np  1.4963,  toluene. 

2nd  fraction,  17.5  g,  b.p.  111-113'  (12  mm),  np  1.5840,  d4®  1.2782,  benzyldichlorophosphine  (literature  data, 
np  1.586,  d^®  1.300  [5]).  For  the  identification  of  benzyldichlorophosphine  it  was  converted  through  the  acid  chloride 
of  benzylphosphonic  acid  into  benzylphosphonic  acid. 

Benzyldichlorophosphine  was  dissolved  in  25  ml  of  dry  carbon  tetrachloride  and  dry  oxides  of  nitrogen  were 
passed  through  the  solution.  The  solvent  and  excess  oxides  were  distilled  off  on  a  water  bath  at  atmospheric  pressure, 
and  the  residue  was  vacuum  distilled  in  a  stream  of  dry  nitrogen.  We  obtained  5.1  g  of  benzylphosphonic  acid  di- 
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chloride  with  b.p.  130"  (2  mm)  [6].  Then  5  g  of  the  acid  chloride  was  boiled  for  one  hour  in  a  flask  with  a  reflux 
condenser  with  50  ml  of  distilled  water.  When  the  solution  was  cooled,  we  obtained  3  g  of  beautiful  snow  white 
crystals  of  benzylphosphonic  acid  with  m.p.  166-166.5°  (from  acetic  acid)  [7]. 

The  third  fraction,  1.1  g,  b.p.  234*236°  (12  mm)  was  dibenzylchlorophosphine  [6],  For  identification,  1  g  of 
the  substance  was  boiled  for  one  hour  with  6  ml  of  6®7o  hydrogen  peroxide  in  a  flask  with  a  reflux  condenser.  On  cool¬ 
ing,  the  solution  precipitated  0.77  g  of  dibenzylphosphinic  acid  in  the  form  of  mother-of-pearl  colored  plates  with 
m.p.  191-192°  (from  alcohol)  [7]. 

The  residue,  a  dark  tar,  was  boiled  for  1-5  hours  with  an  alkaline  solution  of  hydrogen  peroxile  (40  ml  of  6^o 
Il20^  and  110  ml  of  2  N  llCl)  in  a  flask  with  a  reflux  condenser.  The  alkaline  solution  was  filtered  from  the  tarry 
residue,  neutralized  with  dilute  hydrochloric  acid  (1  :  1)  and  excess  acid  was  added.  The  resulting  yellow  precipi¬ 
tate  was  twice  crystallized  from  hot  alcohol.  We  obtained  0.75  g  of  dibenzylphosphinic  acid  with  m.p.  191-192°  [7], 

From  the  tarry  residue  insoluble  in  alkaline  hydrogen  peroxide  we  separated  a  small  amount  of  stilbene  by 
steam  distillation. 

Arylation  of  yellow  phosphorus  with  bromobenzene.  We  heated  157  g  (1  mole)  of  bromobenzene  and  15.5  g 
(0.5  mole)  of  yellow  phosphorus  in  a  sealed  tube  for  four  hours  at  350°.  The  contents  of  the  tube  were  distilled  in  a 
vacuum  in  a  stream  of  dry  nitrogen.  At  first  a  small  amount  of  colorless  liquid  with  b.p.  42-43°  (10  mm)  came  over; 
then  we  collected  two  fractions. 

The  first  fraction,  58.65  g,  was  a  yellow  liquid  with  b.p.  126-128°  (11  mm),  n^  1.6533,  d4®  1.8732,  phenyl- 
dibromophosphine  (literature  data:  b.p.  132°  at  14  mm  [8]).  For  identification  we  passed  dry  oxides  of  nitrogen 
into  a  solution  of  57  g  of  the  substance  in  25  ml  of  carbon  tetrachloride.  The  excess  oxides  of  nitrogen  and  solvent 
were  distilled  off  on  a  water  bath.  The  residue  was  distilled  in  a  vacuum.  We  obtained  41.6  g  of  a  yellow,  oily 
liquid  with  b.p.  156-158°  (12  mm),  n^  1.6177,  1.9452,  which  was  phenylphosphonic  acid  dibromide  [8]. 

Wc  lieated  36  g  of  the  dibromide  for  one  hour  with  50  ml  of  water  in  a  flask  with  a  reflux  condenser.  When 
the  solution  was  cooled,  18  g  of  phenylphosphonic  acid  with  m.p.  160°  (from  aqueous  alcohol)  [8]  precipitated. 

The  second  fraction,  30  g,  was  a  yellow  liquid  with  b.p.  179-180°  (12  mm),  np  1.6713,  d4®  1.4707,  diphenyl- 
bromophosphine  [9].  For  identification  the  substance  was  dissolved  in  15  ml  of  carbon  tetrachloride  and  dry  oxides 
of  nitrogen  were  passed  in.  The  oxidation  product  did  not  distil  at  270°  (10  mm).  We  heated  18.3  g  of  the  reaction 
mixture  for  one  hour  in  a  flask  with  a  reflux  condenser  with  50  ml  of  4(fJo  methanol;  the  hot  solution  was  filtered. 

On  cooling,  it  precipitated  10,5  g  of  diphenylphosphinic  acid  with  m.p.  191-192°  [8]. 

The  residue,  a  dark  oil,  was  extracted  with  ether.  After  evaporation  of  the  solvent,  the  extract  gave  a  thick 
red  oil  wliich  did  not  crystallize  on  standing.  The  portion  insoluble  in  ether  (9.5  g)  was  boiled  for  one  hour  in  a 
flask  with  a  reflux  condenser  with  an  alkaline  solution  of  hydrogen  peroxide.  The  residue  darkened  and  almost  com¬ 
pletely  dissolved.  The  solution  was  extracted  with  ether.  We  obtained  from  the  ether  extract  0.1  g  of  needles  of 
triphenylphosphine  oxide  with  m.p.  152-153°  (from  ligroin)  (literature  data:  m.p.  153°  [10]). 

From  the  precipitate  obtained  by  acidification  of  the  alkaline  solution,  after  recrystallization  from  aqueous 
methanol,  we  isolated  some  crystals  with  melting  point  close  to  that  of  diphenylphosphinic  acid. 

Arylation  of  yellow  phosphorus  by  m-bromotoluene.  We  heated  50  g  (0.3  mole)  of  m-bromotoluene  and  3.1  g 
(0.1  mole)  of  yellow  phosphorus  in  a  sealed  tube  at  300°  for  four  hours.  At  the  end  of  the  heating  there  was  a  precipi¬ 
tate  of  red  phosphorus  in  the  tube.  The  reaction  mixture  was  distilled  in  a  vacuum  in  a  stream  of  dry  nitrogen.  At 
first  a  considerable  amount  of  starting  bromotoluene  distilled  over,  and  then  we  collected  two  fractions. 

The  first,  16.4  g,  was  m-tolyldibromophosphine,  with  b.p.  110-111°  (2  mm);  the  second,  6.1  g,  was  di-m- 
tolylbtomophosphine  with  b.p.  141-142°  (2  mm). 

Alkylation  of  yellow  phosphorus  .with  n-octyl  bromide.  We  heated  40  g  (0.2  mole)  of  octyl  bromide  and  2.14  g 
(0.07  mole)  of  yellow  phosphorus  in  a  sealed  tube  at  250-270°  for  3.5  hours.  The  reaction  mixture  was  distilled  in  a 
vacuum  in  a  stream  of  dry  nitrogen.  We  distilled  off  19.5  g  of  octylene  (b.p.  125-127°).  We  collected  two  fractions: 
the  first,  6  g,  was  n-octyldibromophosphine  with  b.p.  72°  (22  mm);  the  second,  3.1  g,  was  di-n-octylbromophosphine 


with  b.p.  140°  (11  mm). 
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SUMMARY 

1.  We  have  suggested  a  method  for  synthesis  of  halogen  derivatives  of  alkyl  and  aryl  phosphines. 

2.  We  have  described  for  the  first  time  the  direct  arylation  of  yellow  phosphorus  by  aryl  halides. 
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STUDIES  IN  THE  NAPHTHALENE  SERIES 
XXII.  AMINATION  OF  DIHYDROXYNAPHTHALENES* 

V,  K.  Kozlov  and  I.  K.  Veselovskaya 

Translated  from  Zhurnal  Obshchel  Khimli,  Vol.  31,  No.  9, 

pp.  3030-3033,  September,  1961 

Original  article  submitted  September  28,  1960 

The  reaction  of  amination  of  a-  and  6  -naphthols  [1],  their  naphtholates  and  ethers  can  be  extended  to  the 
isomeric  dihydroxynaphthalenes. 

The  experiments  on  amination  of  the  dihydroxynaphthalenes  vrere  carried  out  in  an  autoclave  vfith  23%  am¬ 
monia  for  1-6  hours  at  180-250°.  The  reaction  took  place  with  formation  of  naphthalene  diamines  and  aminonaph- 
thols.  At  a  comparatively  low  temperature  (180°)  the  most  easily  aminated  dihydroxynaphthalenes  were  those  with 
hydroxy  groups  in  one  ring  of  the  naphthalene  (1,2-,  1,4-,  2,3-).  Conversion  of  1,4-  and  1,8 -dihydroxynaphthalenes 
was  complicated  by  formation  of  {xoducts  of  condensation  of  the  starting  substance  and  by  tars.  The  amination  re¬ 
action  was  carried  out  in  the  presence  of  1-4  moles  of  sodium  hydroxide  with  formation  of  Incomplete  and  complete 
naphtholates  and  led  to  a  sharp  decrease  in  yield  of  naphthylene  diamines.  In  experiments  with  1,5-  and  1,7-dI- 
hydroxynaphthalenes,  naphthylene  diamines  were  not  formed  even  with  1  mole  of  sodium  hydroxide,  and  in  experi¬ 
ments  with  2,6-  and  2,7  isomers,  at  2  moles  of  sodium  hydroxide.  It  was  most  interesting  tliat  in  the  presence  of 
sodium  hydroxide,  amination  of  dihydroxynaphthalenes  could  be  stopped  at  the  aminonaphthalenes,  which  were  formed 

in  considerable  yield  [3].  Thus,  the  yield  of  aminonaphthols  reached  its 
maximum  value  for  the  isomers  1,7-;  2,6-;  and  1,5  (respectively  90,  79, 
and  60^0)  at  mole  ratio  of  sodium  hydroxide  to  dihydroxynaphthalene  of 
1  :  1,  and  for  2,7 -dihydroxynaphthalene,  at  a  ratio  of  2  :  1  (93.2^o).  On 
further  increase  in  the  amount  of  sodium  hydroxide,  the  yield  of  amino¬ 
naphthols  fell  sharply.  This  was  especially  the  case  for  ot, a -dihydroxy¬ 
naphthalene,  and  to  a  less  degree  for  the  a,  6  -  and  still  less  for  the  6,6- 
isomers  (figure). 

In  the  amination  of  1,7 -dihydroxynaphthalene  we  obtained  7-amino- 
1-naphthol  (monoacetyl  derivative  m.  211°)  [4].  On  amination  in  the 
presence  of  sodium  hydroxide,  decrease  in  the  reaction  temperature  for  1,7- 
dihydroxynaphthalene  from  250  to  180°  led  to  a  sharp  decrease  in  the 
amount  of  aminonaphthol  (from  79.5*1/0  to  29.2*l/o).  For  2,7 -dihydroxy - 
naphthol  the  amount  of  aminonaphthol  fell  from  8(f}o  to  16.5*90. 

On  amination  in  the  presence  of  sodium  hydroxide  the  yield  of  pro¬ 
duct  also  depends  on  the  time  of  heating.  Thus,  on  decreasing  the  time  of 
amination  of  2,7 -dihydroxynaphthalene  (NaOH  2  :  1,  250°)  from  three  to 
one  hour,  the  yield  of  aminonaphthol  fell  from  93,2  to  58.770.  Increase  in  the  time  of  amination  of  1,5 -dihydroxy¬ 
naphthalene  (NaOH  1  :  1,  250°)  from  three  to  six  hours  led  to  an  increase  in  yield  of  aminonaphthol  from  60  to  70.970. 

Thus,  the  behavior  of  the  dihydroxynaphthalenes  in  the  reaction  of  amination  with  sodium  hydroxide  is  en¬ 
tirely  analogous  to  that  observed  for  the  naphthols  and  their  naphtholates  [2]. 

The  preferential  formation  of  the  aminonaphthols  in  the  amination  of  the  dihydroxynaphthalenes  in  the  pres¬ 
ence  of  sodium  hydroxide  Is  connected  with  the  decreased  activity  of  dihydroxy  compounds  in  the  "fixed"  enol  form 


No.  of  moles  NaOH  per  mole 
dihydroxynaphthalene 
Effect  of  NaOH  on  yield  of  aminohy- 
droxynaphthalenes  in  amination  by  23lo 
NH4OH  (3  hours  at  250°). 


•  Communicatitxi  XXI,  see  ZhOKh,  2485  (1961). 
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of  the  naphtholates.  It  is  quite  possible  that  the  different  degrees  of  amination  for  different  isomeric  dihydroxy - 
naphthalenes  depend  on  the  different  stability  of  the  naphtholate  groups  to  hydrolysis  and  the  different  dissociations 
in  an  alkaline  medium  with  the  formation  of  negative  ions  [5].  Only  the  undissociated  enol  form  and  its  shift  to  the 
formation  of  the  keto  form  permits  the  replacement  of  both  or  one  hydroxy  group  by  an  amino  group. 


The  significance  of  the  enol  function  of  the  hydroxyl  for  explaining  the  unusual  transformations  which  occur 
with  the  muliinuclear  disubstituted  naphthalenes  was  studied  by  N,  N,  Vorozhtsov  [6],  The  observed  stepwise  reac¬ 
tion  in  obtaining  products  from  such  dihydroxy-  or  diamino  substituted  compounds  as  a  result  of  the  sulfite  reaction 
or  amination  in  an  alkaline  medium  was  a  consequence  of  the  fact  that  in  multiring  disubstituted  compounds  only 
one  ring  reacted  in  the  keto  form.  Such  sorts  of  stable  monobisulfite  compounds  which  corresponded  to  the  mono- 
keto  form  were  obtained  for  1,5-  and  2,7-  [7]  and  1,4-  and  1,2-dihydroxynaphthalenes  [8].  Comparison  of  the  full¬ 
ness  of  amination  of  the  isomeric  dihydroxynaphthalenes  both  with  ammonia  alone  and  in  the  presence  of  sodium  hy¬ 
droxide  shows  that  the  greatest  ability  for  such  a  reaction  is  possessed  by  dihydroxynaphthalenes  with  a  quinogenic 
arrangement  of  the  substituents.  At  high  temperatures  the  greatest  amination  activity  is  found  for  2,6-  and  2,7- 
isomers.  6,0 -Dihydroxynaphthalenes  are  aminated  more  easily  than  the  o(,a-isomers.  On  amination  of  the  a,  6- 
dihydroxynaphthalenes  there  first  occurs  formation  of  a-hydroxy-  6 -naphthylamines  (for  the  1,7-isomer,  7-amino- 
1-hydroxy-,  and  for  the  1,2-isomer,  2-amino-l-hydroxy). 

EXPERIMENTAL 

Amination  of  the  dihydroxynaphthalenes.  The  experiments  on  heating  8  g  (0.05  mole)  of  dihydroxynaphthal- 
ene  isomers  with  50  ml  of  25^0  ammonia  were  carried  out  in  a  horizontal  rotating  steel  autoclave  (capacity  150  ml) 
without  a  stirrer.  The  temperature  was  increased  to  the  desired  level  after  30  minutes  and  was  then  maintained. 

After  heating,  the  contents  of  the  autoclave  were  extracted  with  75-100  ml  of  water,  the  precipitate  was  filtered  off 
and  washed  with  sodium  hydroxide  solution.  For  most  of  the  dihydroxynaphthalenes  this  precipitate  consisted  of 
the  corresponding  naphthylene  diamine.  Only  for  1,8-dihydroxynaphthalene  in  this  case  was  there  a  black,  powdery 
precipitate  which  had  no  melting  point,  dissolved  neither  in  sodium  hydroxide  nor  hydrochloric  acid,  and  did  not  con¬ 
tain  nitrogen.  TThis  product  was  assumed  to  be  a  condensation  product  of  the  dihydroxynaphthalene.  1,8-Naphthyl- 
ene  diamine  occurred  partly  in  the  form  of  a  mobile  oil,  partly  in  solution  from  which  it  was  separated  by  neutraliza¬ 
tion  of  the  alkaline  solution,  also  as  an  oil.  For  separation  from  admixed  dihydroxynaphthalene,  this  oil  was  ex¬ 
tracted  with  ether.  On  saturation  of  the  ether  solution  with  hydrogen  chloride  1,8 -naphthylene  diamine  hydrochloride 
with  m.p.  about  240“  separated. 

After  separation  of  the  diaminonaphthalenes,  the  mother  alkaline  liquors  and  the  alkaline  wash  water  were 
combined  and  neutralized  with  hydrochloric  acid  to  an  acid  reaction  to  Congo  paper.  The  dihydroxynaphthalene 
which  precipitated  was  filtered  off,  washed  with  a  small  amount  of  cold  water,  anc  dried  in  a  desiccator.  The  acid 
filtrate  and  wash  water  were  combined  and  treated  with  l(fJo  sodium  carbonate  or  s««dium  acetate  to  a  weak  acid  re¬ 
action  to  litmus.  The  aminonaphthols  which  then  precipitated  were  filtered  off  and  dried  in  a  desiccator. 

The  dihydroxynaphthalenes  were  obtained  as  described  in  the  literature,  with  melting  points  conesponding  to 
the  pure  substances  (1,5-  -261*;  1.7-  -178“;  2,6-  -218“;  2.7-  -187“;  1,8-  -141“;  2,3-  -161“).  The  isomeric  naph¬ 
thylene  diamines  and  aminonaphthols  isolated  in  the  amination  process  were  recrystallized  to  constant  melting  point, 
which  agreed  with  the  literature  values.  For  some  of  the  aminonaphthols  we  prepared  the  monoacetyl  derivatives 
which  had  sharper  melting  points. 

Aminonaphthols:  X5-  -193“;  1,7-  -130“;  2,6-  -201“;  2,7-  -195“;  1.8-  -96“;  2,3-  -234“. 
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Amination  of  Dihydroxynaphthalenes  8  g  (0.05  mole);  50  ml  (0.8  mole)  25^o  NH4OH;  3 
hours 


No. 

Dihydroxy - 

naphthalene 

isomer 

Reaction 

temperature 

1 

Moles 

NaOH  used 

Isolated,  % 

Diamine 

Amino¬ 

naphthol 

Dihydroxy- 

naphthalene 

1 

1  I 

1.2- 

1S(F 

44.3 

.39.6 

1 

1.2- 

ISO 

0.0.5 

— 

100.0 

— 

1 

180 

... 

1.5.9 

29.4 

52.0 

'1 

1,4- 

180 

0.0.5 

— 

8.5 

S7.2 

1.5- 

2.50 

— 

25.9 

36.1 

29.6 

ti 

\5- 

250 

0.05 

— 

60.0 

39.4 

7 

2.50 

0.05 

— 

70.9 

24.0 

s 

1.7v 

2.50 

— 

21.5 

79.5 

— 

;» 

1.7- 

250 

0.05 

— 

90.0 

— 

10 

1.7- 

180 

0.05 

— 

29.5 

71.2 

11 

i.s- 

210 

... 

58.5 

17.9  ** 

12.5 

12 

1.8- 

2.50 

— 

43.2 

23.1  ** 

J3.7 

13 

1.8- 

210 

0.05 

12.2  ** 

77.5 

i'i 

1.8- 

180 

— 

16.2  ** 

75.9 

1f> 

2.3- 

180 

— 

49,0 

35.6 

2J> 

lb 

2. .3- 

2.50 

— 

72.2 

12.6 

— 

17 

2.3- 

2.50 

0.05 

19.6 

58..^ 

20.0 

IS 

2.3- 

150 

0.1 0 

— 

83.0 

17.0 

1!t 

2.-3- 

1\0 

0.15 

— 

53.1 

36.7 

20 

2.6- 

1.50 

— 

62.5 

23.1 

_ 

21 

2.6- 

1.50 

0.05 

— 

78.8 

12.0 

22 

2,7- 

150 

— 

80.0 

4.6 

_ 

23 

2.7- 

150 

0.05 

— 

80.0 

20.0 

24 

2.7- 

150 

0.1 

— 

93.2 

_ 

2:1 

2.7- 

1 

200 

0.05 

— 

16.5 

77.7 

•  Experiment  carried  out  in  the  course  of  six  hours. 

•  •  Yield  shown  is  not  aminonaphthol,  but  the  condensation  product  of  the  dihydroxy - 
naphthalene. 


Naphthylene  diamines:  1.2-  -94“;  1.4-  -120';  1.5-  -189';  1,  7-  -116';  2.3-  -192';  2.6-  -217';  2.7-  -162'. 

In  the  table  we  give  average  results  from  two  parallel  experiments. 

SUMMARY 

1.  We  have  carried  out  comparative  aminations  of  isomeric  dihydroxynaphthalenes  with  formation  of  a  mix¬ 
ture  of  naphthylene  diamines  and  aminonaphthols.  Amination  in  the  presence  of  sodium  hydroxide  permits  limiting 
the  reaction  chiefly  to  the  formation  of  aminonaphthols. 

2,  The  greatest  ability  for  amination  occurs  in  the  dihydroxynaphthalenes  with  a  quinogenic  arrangement  of  the 
hydroxy  groups.  At  higher  temperatures  the  greatest  amination  activity  is  found  for  the  2,6-  and  2,7-isomers. 
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STUDIES  IN  THE  NAPHTHALENE  SERIES. 
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It  has  been  known  that  when  6 -selenocyanonaphthalene,  CioHTSeCN,  v’as  heated  with  20^0  nitric  acid  it  was 
smoothly  oxidized  to  0 -naphthylseleninic  acid  CioHySeOOH  [1].  Under  analogous  conditions  in  the  case  of  a- 
selenocyanonaphthalene  [2]  instead  of  the  expected  and  undescribed  a-seleninic  acid  we  obtained  its  nitro  derivative. 
We  have  shown  [3]  that  with  15  hour  heating  on  a  boiling  water  bath  ofa-selenocyanonaphthaleneand20^o  nitric  acid 
the  chief  reaction  products  are  1,5-  and  1,8-nitroseleninic  acids  with  yields  up  to  52-60^/0  at  a  ratio  of  isomers  2  :  3. 
The  total  yield  of  both  substances  was  established  by  their  isolation  in  the  form  of  the  lead  salts.  The  isolation  of 
the  separate  isomers  [4]  was  carried  out  by  fractional  crystallization  of  the  free  nitroseleninic  acids,  of  which  the 
1,5-isomer  is  better  soluble  than  the  1,8-isomer.  Formation  of  these  compounds  can  occur  according  to  the  scheme: 


ScCN 

I 


ScOOIl 

I 


SeOOH  OgN  SeOOH 

I  I  I 

■ 

I 

NO., 


Although  under  severe  reaction  conditions  a-seleninic  acid  was  not  found,  the  oxidation  of  the  SeCN  group 
should  precede  the  nitration  reaction  by  2(fJo  nitric  acid.  The  ratio  of  pure  1,5-  and  1,8-nitroselenocyanonaph- 
thalenes  to  2(fJo  nitric  acid  confirms  this  [4], 

Experiments  on  the  action  of  60f7«>  nitric  acid  on  a-selenocyanonaphthalene  at  20-40°  for  three  hours  led  to 
formation  of  its  mononitro  substituents. 

Beside  the  isomeric  naphthyl  nitroseleninic  acids  we  isolated  from  the  reaction  medium  the  following  products 
of  oxidation  and  nitration  of  a-selenocyanonaphthalene:  5,5’-  and  8,8’-dinitro-l,l’-dinaphthyldiselenide;  1,1’- 
dinaphthyldiselenide,  some  unchanged  starting  substance,  and  some  tar.  The  total  amount  of  all  the  products  of 
oxidation  and  nitration  of  selenocyanonaphthalene  was  94-96®/o. 

The  formation  of  the  side  products  can  be  explained  by  supposing  that  there  first  occurs  transformation  of  the 
SeCN  group  into  SeH  with  formation  of  a-selenonaphthol.  This  is  a  very  unstable  substance  [5],  which  can  quickly 
be  oxidized  to  l,l’-dinaphthyldiselenide,  which  is  further  nitrated  with  formation  of  a  mixture  of  isomeric  dinitro- 
1,1’  -dinaphthyldiselenides. 


SeCN 


Sell 

I 


^Se— Sos^ 

III  I  I  I  _*  NOjCiolleSe—SoCioHoNO., 


•  Communication  XXII,  see  ZhOKh,  31,  2826  (1961). 
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TABLE.  Products  of  the  Oxidative  Nitration  Reaction  of  a-Selenocyanonaphthalene 


Nitroseleneinic  acid,  ^0 

Unchanged 
a-seleno- 
cyanonaph- 
tiialene,  I0 

1,1' -Dinaph¬ 
thyldiselenide, 

I0 

Mixture  of 
isomeric  dinitro- 
l,l'-dinaphtiiyl- 
diselenides,  ^0 

1.5- 

L8- 

22.1 

31.4 

14.6 

6.7 

11.6 

It  is  not  very  likely  that  under  the  reaction  conditions  there  would  be  partial  oxidation  of  the  dinitrodinaphthyl- 
diselenides  to  the  corresponding  nitroseleninic  acids  of  naphthalene,  since  it  is  known  that  diselenides  are  comparative¬ 
ly  stable  compounds  [1].  According  to  our  experiments,  formation  of  naphthalene  nitroseleninic  acids  from  a,ct'- 
dmaphthyldiselenides  was  possible  only  by  heating  with  fuming  nitric  acid.  Here  the  yield  of  1,5-  and  l,8naphthal- 
ene  nitroseleninic  acids  reached  84®7o  with  a  ratio  of  isomers  2  :  3.  Thus,  naphthalene  nitroseleninic  acids  are  formed 
according  to  the  first  scheme.  The  sum  of  the  products  of  the  oxidative  nitration  reaction  of  a-selenocyanonaphthal- 
ene  is  shown  in  the  table  (average  of  three  experiments). 

The  results  of  the  oxidative  nitration  of  a-selenocyanonaphthalene  show  that  the  orienting  effect  of  the  SeOOH 
is  analogous  to  the  orienting  effect  [6]  of  the  SOOH  or  SO2OH  groups. 

EXPERIME  NTA  L* 

Preparation  of  a  -selenocyanonaphthalene.  Five  g  of  ot-naphthylamine  (m.p.  49°)  was  dissolved  in  15  ml  of 
hot  water,  then  10  ml  of  concentrated  hydrochloric  acid  was  added  and  the  mixture  was  heated  to  50°  for  full  so¬ 
lution  of  the  amine.  The  resulting  solution  was  poured  onto  60  g  of  ice  and  diazotized  at  0-5°  with  a  solution  of 
2.5  g  of  sodiiun  nitrite  and  20  ml  of  water.  The  diazo  solution  was  treated  with  sodium  acetate  to  weak  acid  reac¬ 
tion  to  Congo.  The  filtered  solution  was  added  slowly  with  stirring  to  a  solution  of  10  g  of  KSeCN  in  100  ml  of  water. 
After  it  had  stood  for  three  hours,  the  tarry  precipitate  was  filtered  off,  washed,  and  dissolved  in  60  ml  of  8(f7o  acetic 
acid  and  again  separated  by  pouring  into  200  ml  of  water.  Repeated  crystallizations  from  acetic  acid  gave  the 
substance  in  the  form  of  prismatic  needles  of  a  light  brown  color,  m.p.  72°. 

Found  ‘Vo:  C  37.01;  M  3.08;  N  6.15;  Se  33.92.  CuH7NSe.  Calculated  C  56.9;  H  3.00;  N  6.03;  Se  34.05. 

Oxidation  of  a-selenocyanonaphthalene.  Five  g  of  a-selenoeyanonaphthalene  and  50  ml  of  2(flo  nitric  acid 
were  heated  for  15  hours  in  a  flask  with  a  reflux  eondenser  on  a  boiling  water  bath.  At  the  end  of  the  heating,  the 
liquid  had  separated  into  layers.  The  upper  layer,  elear  and  light  yellow,  was  mixed  with  a  tarry,  dark  red  mass. 

On  evaporation  of  the  clear  solution  and  fractional  crystallization  of  the  resulting  precipitate,  we  obtained  a  sub¬ 
stance  in  the  form  of  light  yellow  needles  with  m.p.  196-198°  which  gave  no  melting  point  depression  when  mixed 
with  l-nitro-8-naphthaleneseleninic  acid.  From  the  mother  liquor  after  strong  evaporation  we  isolated  a  substance 
in  the  form  of  fine  needles  with  m.p.  140-145°  which  gave  no  melting  point  depression  when  mixed  with  1-nitro- 
5-naphthaleneseleninic  acid.  Separation  of  the  isomers  was  difficult,  and  we  often  isolated  a  mixture  of  them  with 
m.p.  160-165°,  in  which  the  1,8-isomer  predominated,  and  a  mixture  with  m.p.  121-125°  in  which  the  1,5-isomer 
predominated. 

We  dissolved  3.1  g  of  the  tarry  mass  with  heat  in  150  ml  of  water  and  filtered  the  insoluble  precipitate.  When 
the  solution  was  cooled  to  60-70°,  0.05  g  of  a  product  precipitated,  having  a  yellow-orange  coIch:  and  m.p.  86°,  corre¬ 
sponding  in  properties  to  a,a'  -dinaphthyldiselenide  [4].  When  the  water  solution  was  cooled  completely,  and  also 
on  evaporation  of  the  water  mother  liquor  a  precipitate  came  down  from  which  after  fractional  crystallization  we 
were  able  to  obtain  a  further  quantity  of  the  1,5-  and  1,8 -naphthalene  nitroseleninic  acids.  In  all  from  the  reaction 
mass  we  isolated  1.24  g  of  the  1,5 -isomer  and  1.76  g  of  the  1,8 -isomer.  The  water  insoluble  residue  from  the  treat¬ 
ment  of  the  tarry  mass,  2.3  g,  was  dissolved  in  hot  alcohol  and  filtered  from  the  residue.  When  the  alcohol  solution 
cooled,  0.65  g  of  a  product  with  m.p.  4).-45°  came  down.  After  repeated  crystallization  from  alcohol  the  product 
melted  at  49-51°,  contained  nitrogen,  and  most  probably  was  a  mixture  of  isomeric  dinitrodinaphthyldiselenides. 

Found  °lo:  Se  30.4.  C2oHfi04N2Se2.  Calculated  ‘7o:  Se  31.5. 

*  With  participation  of  G.  D.  Vlakhov. 
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By  dilution  of  the  first  alcoholic  mother  liquor  with  water  we  precipitated  0.33  g  of  a  product  with  a  yellow- 
orange  color  and  m.p.  85*,  corresponding  to  <x,a'  -dinaphthyldiselenide.  The  product  insoluble  in  alcohol  (see  above), 
1.2  g,  was  recrystallized  from  5(ffo  acetic  acid.  We  obtained  0.9  g  of  substance  in  the  form  of  light  brown  needles 
with  m.p.  71*,  corresponding  to  ot-selenocyanonaphthalene. 

Quantitative  separation  of  the  mixture  of  isomeric  naphthalene  nitroseleninic  acids  was  carried  out  using  their 
lead  salts.  Oxidation  by  20%  nitric  acid  of  12  g  of  a-selenocyanonaphthalene,  carried  out  as  above,  gave  4.5  g  of 
a  tarry  mass  and  47  ml  of  light  colored  nitric  acid  solution.  The  latter  was  neutralized  with  soda,  made  weakly  acid 
with  hydrochloric  acid,  and  treated  with  a  1  N  solution  of  lead  nitrate.  We  separated  12.05  g  of  lead  salts  (salt  of 
the  1,8 -acid,  needles,  salt  of  the  1,5 -acid,  plates).  By  analogous  treatment  of  the  tarry  mass  we  separated  from  it 
0.95  g  of  mixed  lead  salts  of  the  isomeric  naphthalene  nitroseleninic  acids.  In  all  we  separated  13  g  (63.3%)  of  the 
lead  salts. 

Oxidative  nitration  of  a, a* -dinaphthyldiselenide.  Seven  g  of  a, a' -dinaphthyldiselenide,  m.p.  83*,  was  ob¬ 
tained  from  a-bromonaphthalene  by  the  Grignard  synthesis  [4],  placed  in  a  round  bottomed  flask  with  a  long  neck, 
and  treated  with  12  ml  of  nitric  acid  (d  1.52).  After  heating  for  one  hour  over  a  weak  flame,  the  mass  was  carefully 
diluted  with  100  ml  of  water.  The  yellow  product  which  precipitated  (6  g)  was  filtered  off,  wa^ed  with  cold  water, 
then  with  alcohol,  and  dried.  By  alternate  recrystallization  from  acetic  acid  and  alcohol  we  obtained  two  substances: 
the  first  with  m.p.  145*  (needles)  the  other  198®  (plates),  which  showed  no  melting  point  depression  mixed  with  the 
1,5-  and  1,8 -naphthalene  nitroseleninic  acids  respectively. 


SUMMARY 

We  have  studied  the  oxidative  nitration  by  20%  nitric  acid  of  a-selenocyanonaphthalene  leading  to  the  fw:- 
mation  as  the  chief  reaction  products  of  1,5-  and  1,8 -naphthalene  nitroseleninic  acids.  The  same  substances  are 
obtained  by  oxidative  nitration  with  fuming  nitric  acid  of  a, a' -dinaphthyldiselenide. 
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Many  of  the  unsaturated  ketones  which  are  derivatives  of  furan  and  their  2,4-dinitrophenylhydrazones  have  not 
been  described  up  to  now.  Also  there  are  contradictory  data  on  physical  properties  for  some  which  have  been  pre¬ 
pared,  especially  as  to  their  melting  points,  and,  as  our  study  has  shown,  many  of  them  were  not  carefully  purified. 

The  synthesis  of  unsaturated  ketones  which  contain  benzene  and  furan  rings  is  most  easily  carried  out  by  crotonic 
condensation  of  the  corresponding  methyl  ketones  with  aldehydes  by  the  scheme  [1-8]: 


yU  A) 

H_C— dig  f  Ri— C— H 


,0 


n_c— cii=cii-R,  -h  ii/\ 


where  R  and  Rj  are  radicals  of  tlie  aromatic  and  furan  series. 

It  is  interesting  to  see  that  in  this  reaction,  for  the  purpose  of  obtaining  furan  derivatives,  up  to  now  have  been  used 
cliiefly  furfurol  and  furylacrolein,  wliile  2-acetylfuran  has  been  condensed  only  with  benzaldehyde  [9]  and  some  other 
aldehydes.  We  have  widened  the  field  by  the  use  of  2-acetylfuran  for  the  synthesis  of  unsaturated  ketones,  by  reacting 
it  with  furylacrolein,  2,4-dimethoxybenzaldehyde,  cinnamic,  4 -methoxy cinnamic,  and  2, 4 -dimethoxy cinnamic  al¬ 
dehydes. 

We  have  also  obtained  all  the  possible  isomers  of  l-ftiryl-3-phenylpropenone,  l-furyl-5-phenylpentadienone, 
and  their  5 -methoxy  and  2,4 -dimethoxy  derivatives  with  different  positions  of  the  carbonyl  group  and  conjugated 
system  of  double  bonds,  and  also  1,3 -difury Ipropenone  and  two  1,5-difurylpentadienones. 

All  these  ketones  were  carefully  purified  and  characterized  as  the  2,4-dinitrophenylhydrazones;  the  latter  were 
obtained  by  the  usual  method  [12]. 

The  unsaturated  ketones  containing  the  furan  ring  which  we  have  synthesized  are  colorless  or  yellowish  solid 
crystalline  substances;  with  mineral  acids  they  form  intensely  colored  solutions  from  orange -red  to  red -violet  in 
color.  All  are  easily  soluble  in  alcohol,  ether,  and  other  organic  solvents  and  are  insoluble  in  water.  The  main  in¬ 
formation  on  these  products  is  given  in  the  table. 

EXPERIMENTA  L 

Crotonic  condensation.  Stoichiometric  amounts  of  the  corresponding  methyl  ketone  (0.01  mole)  and  aldehyde 
were  dissolved  in  a  small  amount  of  alcohol  (10-20  ml),  and  2-5  ml  of  a  5-10^o  sodium  hydroxide  solution  was  added 
gradually  dropwise  with  stirring.  The  mixture  of  reacting  substances  stood  for  18-24  hours  at  room  temperature.  The 
resulting  precipitate  was  filtered  off,  washed  with  aqueous  alcohol  (50-8(y7o),  and  recrystallized  with  the  use  of  ac¬ 
tivated  charcoal  to  constant  melting  point.  The  product  was  dried  in  the  dark  and  in  a  vacuum. 

2,4-Dinitrophenylhydrazones  were  obtained  by  mixing  equimolecular  amounts  of  alcoholic  solutionsof  the  un¬ 
saturated  ketone  with  hydrochlaic  acid  solutions  of  2,4-dinitrophenylhydrazine  with  short  heating  on  a  water  bath. 

The  precipitate  was  filtered  off,  washed  with  hydrochloric  acid,  alcohol,  ether,  and  was  recrystallized  from  a  mix¬ 
ture  of  benzene  and  methyl  alcohol  to  constant  melting  point. 

SUMMARY 

By  the  method  of  crotonic  condensation  we  have  prepared  in  good  yields  from  2-acetylfuran,  2 -furylacrolein, 
furfurol,  and  aromatic  aldehydes  the  corresponding  propenones  and  pentadienones  of  the  furan  series.  We  have  syn¬ 
thesized  a  number  of  compounds  not  described  in  the  literature  and  in  some  cases  have  corrected  the  melting  point. 
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2-Hydroxy-2-phenyl-l,3-indandione  (I)  was  first  obtained  by  Gabriel  [l]by  the  action  of  sodium  methylate 
on  dibromobenzalphthalide  (II).  According  to  his  proposed  method,  the  initial  dibromobenzalphthalide  is  dissolved 
in  a  2^  sodium  methylate  solution;  after  30  minutes,  water  is  added  to  the  reaction  mixture  and  a  current  of  carbon 
dioxide  is  passed  through  it  for  several  hours.  The  precipitate  of  2-hydroxy-2-phenyl-l,3-indandione  (1)  is  filtered 
and  then  rapidly  recrystallized  in  a  current  of  inert  gas. 

When  2 -hydroxy -2 -phenyl -1,3 -indandione  was  obtained  by  this  method  it  was  found  that  the  process  Is  very 
complex  and  the  yield  less  than  2(flo,  because  the  main  reaction  products  are  2 -phenyl -1,3 -indandione  (III)  and  o- 
carboxybenzil  (IV)  (the  yields  being  31  and  337o  respectively).  Furthermore,  for  reasons  unknown,  2-hydroxy -2- 
phenyl-l,3-indandione  is  often  not  obtained  at  all  in  this  reaction. 


CHBrCeHg 

I 

(JBr 


(II) 


.CO  ,CO 

f  Y  \  /CeBs  \  CcHj 

I  Kou  +1  1  /<„ 

'^VAc'b 


^\/COCOCgH5 


(IV) 


These  facts  prompted  us  to  investigate  the  mechanism  of  this  reaction  and  also  to  attempt  to  find  more  reliable 
methods  of  obtaining  2 -hydroxy -2 -phenyl -1,3 -indandione  (I).* 

These  investigations  made  it  possible  to  propose  the  following  system  of  the  process  of  formation  of  2-hydroxy- 
2 -phenyl-1,3 -indandione  (I),  a  number  of  these  stages  being  established  by  the  author’s  experiments. 
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•  It  should  be  noted  that  another  method  of  obtaining  2 -hydroxy -2 -phenyl -1,3 -dione  (1)  is  known  [2],  based  on  the 
action  of  the  equivalent  of  phenyl  magnesium  bromide  on  ninhydrin  in  a  benzene  solution. 
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On  the  basis  of  the  kinetic  data  obtained  earlier  by  Eskola  and  his  co-workers  during  an  investigation  of  the 
conversion  of  benzylidenephthalide  to  2-phenyl-l,3-indandione  by  sodium  alcoholate  [3,  4],  the  initial  stage  of  the 
process  in  question  is  evidently  the  addition  of  sodium  methylate  at  the  carbonyl  group  of  dibromobenzalphthalide 
(II)  and  the  formation  of  an  intermediate  compound  (Va  =*VIa). 

Subsequent  removal  of  a  bromine  ion  gives  the  methyl  ester  of  a -bromodesoxybenzoin-o -carboxylic  acid  (Vila), 
which  was  precipitated  directly  from  the  reaction  solution;  its  structure  was  proven  by  reverse  synthesis,  i.e.,  by  direct 
bromination  of  the  methyl  ester  of  desoxy benzoin -o -carboxylic  acid  [5], 

The  ester  (Vila)  may  be  present  in  equilibrium  with  the  tautomeric  form  (Villa),  the  conversions  of  which  deter¬ 
mine  the  subsequent  directions  of  the  process.  If,  in  the  case  of  monobromide  (Villa)  the  bromine  atom  is  first  re¬ 
placed  by  a  hydroxy  group,  and  CM3OH  is  then  removed,  2 -hydroxy -2 -phenyl- 1,3 -indandione  (1)  is  formed.  But  if 
CM3OH  is  first  removed,  2-bromo-2-phenyl-l,3-indandione  (IX)  is  formed.  The  latter  contains  a  very  active  bromine 
atom  and  therefore,  as  was  shown  by  the  author,  it  can  brominate  the  still  unchanged  methyl  ester  (Vila),  with  for¬ 
mation  of  the  previously  unknown  methyl  ester  of  a, a -dibromodesoxybenzoin-o -carboxylic  acid  (Xa);  2-bromo-2- 
phenyl-1,3 -indandione  (IX)  is  converted  during  this  process  to  2-phenyl-l,3-indandione  (III).  It  should  be  noted  that 
as  a  result  of  the  action  of  sodium  methylate,  2-bromo-2 -phenyl-1,3 -indandione  (IX)  may  be  partially  reconverted 
to  the  monobromo  derivative  (Villa).  Finally,  as  a  result  of  the  action  of  dilute  alkali  the  ester  of  a,a-dibromo- 
desoxybenzoin-o -carboxylic  acid  (Xa)  obtained  is  converted  to  o-carboxybenzil  (IV). 

The  fact  that  these  two  processes  take  place  simultaneously,  leads,  under  Gabriel's  conditions  [1]  to  the  for¬ 
mation  of  considerable  amounts  of  2 -phenyl-1,3 -indandione  (III)  and  o-carboxybenzil  (IV)  together  with  small  amounts 
of  2-hydroxy -2 -phenyl-1,3 -indandione.  It  was  found  that  such  secondary  processes  may  be  eliminated  if  dibromo¬ 
benzalphthalide  (II)  is  acted  on  by  a  2.5^o  aqueous-dioxan  solution  of  alkali  instead  of  an  alcoholic  solution  of  sodi¬ 
um  methylate.  Under  these  conditions  the  reaction  is  completed  in  5-10  minutes  and  the  yield  of  2-hydroxy-2- 
pheny  1-1, 3 -indandione  (I)  is  inereased  to  6^0.  The  mechanism  of  its  conversion  is  evidently  similar  to  that  con¬ 
sidered  above  (II  -*•  Vb  -►  VIb  ->  Vllb  -*  Vinb  -*  I),  but  here,  replacement  of  the  bromine  of  the  intermediate  com¬ 
pound  (Vllb  ^Vlllb)  by  hydroxyl  takes  place  far  more  rapidly  than  its  conversion  to  2 -bromo -2 -phenyl -1,3 -indan¬ 
dione  (IX).  Since  the  latter  is  not  formed  here,  the  seeondary  processes  observed  under  Gabriel's  conditions  are  also 
eliminated. 

The  cOTrectness  of  this  theory  is  corroborated  by  the  fact  tltat  when  alkali  acts  on  an  aqueous-dioxane  solution 
of  the  methyl  ester  of  a-bromodesoxybenzoin-o-carboxylic  acid  (Vila),  a  70^o  yield  of  2 -hydroxy -2 -phenyl -1,3- 
indandione  (I)  is  obtained,  whereas  under  these  conditions  2 -bromo-2 -phenyl -1,3 -indandione  (IX)  is  converted  al¬ 
most  quantitatively  to  2 -phenyl-1,3 -indandione  (III)  and  o-carboxybenzil  (IV). 

Therefore  the  modifications  of  the  reaction  conditions  evidently  did  not  change  the  mechanism  of  the  forma¬ 
tion  of  2-hydroxy-2-phenyl-l,3-indandione  from  dibromobenzalphthalide  (II),  but  they  had  an  important  effect  on 
the  capacity  of  intermediate  compounds  of  the  type  (VII  ^VIII)  to  undergo  conversion  to  2 -bromo-2 -phenylindan- 
dione  (DC),  which  made  it  possible  to  eliminate  the  formation  of  secondary  products  (III)  and  (IV). 

Moreover,  it  was  found  that  the  best  method  of  obtaining  2 -hydroxy -2 -phenyl -1,3 -indandione  (I)  is  the  action 
of  alkali  on  an  aqueous-dioxan  solution  of  2-chloro-2 -phenyl-1, 3-indandione  (XI),  which  is  readily  available  [5,  6]. 

In  this  case  an  ordinary  substitution  reaction  uncomplicated  by  secondary  processes  takes  place,  as  a  result  of  which, 
compound  (I)  is  formed,  the  yield  reaching  9(fyo. 

EXPERIMENTAL 

2-Hydroxy -2 -phenyl-1,3 -indandione  (I).  5  g  of  dibromobenzalphthalide  (II)*  was  added  to  100  ml  of  a  2*7o  so¬ 
lution  of  sodium  methylate  cooled  to  0°,  After  30  minutes  150  ml  of  ice  water  was  added  to  the  orange -red  so¬ 
lution  and  carbon  dioxide  was  passed  through  the  solution  for  3  hours  at  0-2*.  The  precipitated  2 -hydroxy -2 -phenyl- 
1, 3 -indandione  (I)  was  filtered,  washed  with  cold  and  then  with  hot  water,  recrystallized  from  alcohol  in  a  current 
of  inert  gas  and  dried  immediately  under  vacuum  at  70*.  The  weight  was  0.6  g  (20P/o);  the  m.p.  was  190-192*.*  * 


•  Dibromobenzalphthalide  is  obtained  by  bromination  of  benzalphthalide  [7]  in  a  chloroform  solution  in  the  cold  [8]. 

•  *  In  this  and  all  the  other  experiments  the  melting  point  of  2-hydroxy-2-phenyl-l,3-indandione  (I)  was  deter¬ 
mined  in  accordance  wifri  Gabriel's  recommendation  [1],  i.e.,  under  vacuum  at  3-5  mm,  because  unless  a  vacuum 
is  used  It  melts  in  the  150-155*  range,  i.e.,  with  an  indefinite  melting  point. 


2836 


The  main  mother  liquor  which  remained  after  substance  (I)  had  been  separated  was  diluted  with  200  ml  of  water, 
acidified  with  40  ml  of  lO^o  sulfuric  acid  and  the  precipitate  of  2-phenylindandlone  was  filtered.  The  weight  was 
0.9  g  (31*70);  the  m.p.  was  146*  (from  alcohol)  [5]. 

The  mother  liquor  obtained  was  evaporated  at  40-45*  to  50-70  ml,  cooled  to  0*  and  the  precipitate  of  o- 
carboxybenzil  (IV)  was  filtered.  The  weight  was  1.1  g  (33*70);  the  m.p.  was  140-141*  (from  50*70  alcohol)  [9,  10]. 

Methyl  ester  of  a -bromodesoxybenzoin-o -carboxylic  acid  (Vila),  a)  The  action  of  sodium  methylate  on  di- 
bromobenzalphthalide  (II).  5  g  of  dibromobenzalphthalide  was  added  to  100  ml  of  a  2*70  solution  of  sodium  methylat 
cooled  to  0*.  After  the  mixture  had  been  allowed  to  stand  for  30  minutes  at  0*  all  the  dibromobenzalphthalide  had 
gone  into  solution.  A  small  seeding  for  ester  (Vila)  was  added  and  with  rubbing  with  a  rod  this  ester  separated  as  a 
colorless  precipitate,  which  was  filtered.  The  weight  was  0.5  g;  the  m.p.  was  173°  (from  alcohol).  25  ml  of  a  5*7o 
solution  of  sulphuric  acid  in  methanol  was  added,  followed  by  500  ml  of  water.  The  yellow  solution  obtained  was 
extracted  5  times  with  ether  and  the  ethereal  solution  was  washed  several  times  with  a  3*7o  soda  solution  and  water. 
After  it  had  been  dried  with  sodium  sulfate  and  the  ether  had  been  removed,  a  seeding  of  ester  (Vila)  was  added  to 
the  oily  residue  and  the  crystalline  precipitate  formed  was  washed  with  CCI4.  We  obtained  0.9  g  of  the  substance, 
with  a  m.p.  of  172-173*  (from  alcohol).  The  total  yield  of  ester  (Vila)  was  32*70. 

Found  *7o:  C  57.42;  H  3.67;  Br  23.81.  CielljaOjBr.  Calculated  *7o:  C  57.66;  II  3.90;  Br  24.02. 

b)  Bromination  of  the  methyl  ester  of  desoxybenzoin-o -carboxylic  acid.  5  g  of  the  methyl  ester  of  desoxy- 
benzoin-o-carboxylic  acid  [5]  was  dissolved  in  200  ml  of  ether  and  8  g  of  bromine  in  20  ml  of  ether  was  added  to 
the  solution  obtained.  After  2  days,  when  all  the  ether  had  evaporated,  the  residue  was  stirred  up  with  30  ml  of 
water,  filtered  and  washed  repeatedly  with  water  until  the  reaction  to  Congo  was  no  longer  acid.  After  recrystalliza¬ 
tion  from  methyl  alcohol,  4.8  g  (72*70)  of  ester  (Vila)  with  an  m.p.  of  172-173°  was  obtained.  A  mixed  melt  of  the 
substance  with  the  compound  obtained  above  showed  no  depression  of  the  melting  point. 

Methyl  ester  of  a,a-dibromodesoxybenzoin-o-carboxylic  acid  (Xa).  a)  The  action  of  sodium  methylate  on 
the  methyl  ester  of  a -bromodesoxybenzoin-o -carboxylic  acid  (Vila).  2  g  of  ester  (Vila)  in  50  ml  of  methyl  alcohol 
was  added  to  50  ml  of  a  2‘7>  solution  of  sodium  methylate  in  methyl  alcohol  cooled  to  0*.  After  30  minutes,  150  rr;l 
of  water  was  added  to  the  brigh-red  solution,  a  current  of  CO2  was  passed  for  3  hours  and  the  precipitate  of  ester  (Xa) 
was  filtered.  The  weight  was  0.6  g  (24*7o);  the  m.p.  was  183*  (from  acetic  acid). 

Found  *7o:  C  46.90;  H  2.95;  Br  38.95.  Ci6HEQ}Br2-  Calculated  *7o:  C  46.60;  M  2.91;  Br  38.83. 

2-Phenyl-l,3-indandione  (11)  was  precipitated  from  the  mother  liquor  when  it  was  acidified  with  l(flo  sulfuric 
acid.  The  weight  was  0.6  g  (4;?7o);  the  m.p.  was  145°  (from  alcohol)  [5]. 

b)  The  action  of  sodium  methylate  on  2-bromo-2-phenyl-l,3-indandione  (IX).  5  g  of  indandione  (IX)  [5] 
was  dissolved  in  100  ml  of  a  2*70  solution  of  sodium  methylate  cooled  to  0°.  Precipitation  of  ester  (Xa)  commenced 
after  5-7  minutes  and  it  was  filtered  after  30  minutes.  The  weight  was  2.8  g  (41*70);  the  m.p.  was  183*  (from  acetic 
acid).  150  ml  of  water  and  30  ml  of  sulfuric  acid  were  added  to  the  mother  liquor.  The  precipitated  2-phenyl-l,3- 
indandione  (II)  was  filtered.  The  weight  was  1.6  g  (43*7o),  the  m.p.  was  146°  (from  alcohol)  [5]. 

The  action  of  aqueous  alkali  on  the  methyl  ester  of  a,cx-dibromodesoxybenzoin-o -carboxylic  acid.  0.2  g  of 
ester  (Xa)  was  dissolved  in  30  ml  of  alcohol,  10  ml  of  a  0.25  N  aqueous  solution  of  caustic  soda  was  added  and  the 
mixture  was  left  to  stand  for  3  hours.  It  was  then  acidified  with  30  ml  of  a  0.1  N  solution  of  sulfuric  acid  and  ex- 
tr^icted  with  ether.  We  obtained  0.1  g  (85*7“)  of  o-carboxybenzil  (IV)  with  a  m.p.  of  140-141*  (from  water)  [9,  10], 

Determination  of  the  oxidizing  capacity  of  bromine  in  2-bromo-2-phenyl-l,3-indandione  (IX).  0.4  g  of  indan¬ 
dione  (IX)  was  dissolved  in  20  ml  of  glacial  acetic  acid,  0.5  g  of  potassium  iodide  was  added;  the  mixture  was  heated 
for  15  minutes  at  90°,  30  ml  of  water  was  added  to  the  solution  and  the  iodine  precipitated  was  back -titrated  with 
0.1  N  hyposulfite.  98.7*70  of  iodine  was  found.  When  the  titration  had  been  completed,  2 -phenyl-1,3 -indandione  (III) 
with  a  m.p.  of  145-146*  (from  alcohol  [5]  was  precipitated  from  the  reaction  solution;  the  yield  was  dQP}o). 

2 -Hydroxy -2 -phenyl-1,3 -indandione  (1).  The  action  of  an  aqueous-dioxanc  solutionof  alkali,  a)  On  di¬ 
bromobenzalphthalide  (II).  3  g  of  phthalide  (II)  was  dissolved  in  60  ml  of  dioxaneand  the  solution  was  cooled  to  10°; 
1.8  g  of  caustic  soda  in  45  ml  of  water  and  30  ml  ofdioxane  were  then  added  to  the  solution  (cooled  to  0°).  After 
5  minutes  the  reaction  mixture  was  filtered  into  a  receiver  containing  25  ml  of  l(f}o  sulfuric  acid,  cooled  to  0*.  The 
precipitate  of  2 -hydroxy -2 -phenyl-1,3 -indandione  (I)  was  filtered  and  washed,  first  with  cold,  and  then  with  hot 
water.  The  weight  was  1.2  g  (64*7o);  the  m.p.  was  191*  (from  alcohol). 
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b)  On  the  methyl  ester  of  a-bromodesoxybenzoin-o-carboxylic  acid  (Vila).  3  g  of  ester  (Vila)  was  dissolved 

in  100  ml  ofdioxane.the  solution  was  cooled  to  10*  and  5.4  g  of  caustic  soda  in  140  ml  of  water  and  90  ml  of  dioxane 
were  added  to  the  solution  cooled  to  0-2*.  After  5  minutes  the  reaction  solution  was  filtered  into  a  receiver  con- 
uining  75  ml  of  10  °h  sulfuric  acid,  cooled  to  0*.  The  precipitate  of  2 -hydroxy -2 -phenyl-1,3 -indandione  (I)  ob- 
ulned  was  washed  with  water.  The  weight  was  1.5  g  the  m.p.  was  190-191’  (from  alcohol). 

c)  On  2-chloro-2-phenyl-l,3-indandione  (XI).*  A  solution  (cooled  to  10’)  of  3  g  of  2-chloro-2-phenyl-l,3- 

indandione  in  30  ml  of  dioxane  was  added  to  a  solution  (cooled  to  0-2’)  of  1.8  g  of  caustic  soda  in  90  ml  of  water  and 
30  ml  of  dioxane  After  5  minutes  the  solution  was  filtered  into  a  receiver  containing  25  ml  of  l(fh  sulfuric  acid 
cooled  to  O’.  The  precipitated  2-hydroxy-2-phenyl-l,3-indandione  (1)  was  filtered  and  washed,  first  with  cold  water 
and  then  with  hot.  The  weight  was  2.5  g  the  m.p.  was  192-193’  (from  alcohol). 

The  action  of  an  aqueous-dioxan  solution  of  alkali  on  2 -bromo-2 -phenyl-1,3 -indandione  (IX).  3  g  of  indan¬ 
dione  (IX)  was  dissolved  In  100  ml  ofdioxaneand  the  solution  was  acted  on  by  an  aqueous -dioxane  solution  of  alkali 
under  the  conditions  of  the  preceding  experiment.  After  the  reaction  mixture  had  been  acidified  it  was  evaporated 
under  vacuum  in  an  atmosphere  of  nitrogen  to  about  100  ml,  cooled,  and  the  precipitated  2 -phenyl-1,3 -indandione 
(III)  was  filtered.  The  weight  was  0.9  g  (41*70).  After  the  mother  liquor  had  been  evaporated  to  25-30  ml  we  ob¬ 
tained  1.0  g  of  o-carboxybenzil  (IV)  (39^o)  with  an  m.p.  of  140-141’  (from  water)  [9,  10]. 

The  action  of  an  aqueous-dioxanesolutionof alkali  on  an  equimolecular  mixture  of  2-bromo-2-phenyl-l,3- 
indandione  (IX)  and  the  methyl  ester  of  a-bromodesoxybenzoin-o-carboxylic  acid  (Vila).  A  solution  (cooled  to  10°) 
of  3  g  of  bromide  (IX)  and  3.3  g  of  ester  (Vila)  in  100  ml  of  dioxane  was  added  to  a  solution  of  5.4  g  of  caustic  soda 
in  135  ml  of  water  and  70  ml  of  dioxane, cooled  to  O’.  After  5  minutes  the  reaction  mixture  was  acidified  with  75  ml 
of  l(fJo  sulfuric  acid,  cooled  to  O’.  Subsequent  treatment  was  similar  to  that  of  the  above-mentioned  experiment. 
We  obtained  1.9  g  (86^o)  of  2-phenyl-l,3-indandione  (III)  with  an  m.p.  of  143-145’  (from  alcohol)  and  2.1  g  (82*7o) 
of  o-carboxybenzIl  (IV)  with  an  m.p.  of  140-141’  (from  water). 

SUMMARY 

The  mechanism  of  the  formation  of  2 -phenyl -2 -hydroxy -1,3 -indandione  from  dibromobenzalphthalide  was  in¬ 
vestigated  and  the  conditions  for  preparing  this  compound  were  improved.  It  was  shown  that  2 -phenyl -2 -hydroxy - 
indan  is  obtained  more  simply  and  with  a  higher  yield  (9(fJo)  from  2 -chloro-2 -phenyl-1,3 -indandione. 
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*  2-Chloro-2-phenyl-l,3-indandione  (XI)  was  obtained  with  a  9Cf^  yield  by  passing  chlorine  into  a  solution  of  2- 
phenyl-1,3 -indandione  (III)  in  a  1*70  solution  of  alkali  (see  [11]). 
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As  previously  reported  [1,  2]  by  means  of  a  spectropolarimeter  our  laboratory  obtained  data  which  were  inter¬ 
preted  from  the  aspect  of  the  possible  existence  of  N-benzoyl-a-phenylethylamine  in  two  tautomeric  forms:  amide 
(A)  and  Imino  (B),  the  position  of  the  equilibrium  between  these  farms  depending  on  the  solvent: 

CoHsCII-NM-C— CeHg  ^  CoH5CH-N=C-CeH5. 

'  I  11  II 

CII3  0  CM3  OH 

(A)  (B) 

Some  properties  of  amides  of  a-phenylethylamine  with  p -substituted  benzoic  acids  were  investigated  by  Nerdel 
and  his  co-workers  [3];  on  the  basis  of  data  obtained  during  measurement  of  the  dipole  moments  in  various  solvents, 
and  of  ultraviolet  and  infrared  spectra,  they  concluded  that  a  chain  formation  of  amides  takes  place  in  CgHc  and 
CHClg:  ^  N-H**'*0=C<^,  whereas  solvation  of  the  NH  group  and  the  oxygen  of  the  solvent  takes  place  in 
dioxaneand  in  acetone.  Comparing  these  data  with  the  variation  in  the  value  of  optical  rotation  (for  the  656-475  p 
region)  in  different  solvents  in  relation  to  the  concentration,  Nerdel  concluded  that  the  optical  rotation  depends  on 
the  degree  of  association  of  the  optically  active  substance.  However,  if  Nerdel's  data  on  the  concentration  relation 
of  the  rotation  value  are  examined,  it  is  seen  that  in  benzene  solutions  M  has  a  negative  sign  and  its  absolute  valne 
increases  with  a  reduction  in  the  concentration.  Therefore  with  a  reduction  in  concentration,  which  must  be  ac¬ 
companied  by  decomposition  of  the  associated  molecules,  there  is  a  discrepancy  between  the  rotation  value  and  the 
rotation  observed  for  solutions  in  polar  solvents  (where,  according  to  Nerdel,  the  investigated  amides  are  monomeric) 
and,  vice  versa,  the  discrepancy  between  the  rotation  value  in  benzene  solutions  and  in  solutions  of  other  solvents 
increases.  Therefore  it  is  found  that  in  a  very  dilute  benzene  solution  a  monomeric  molecule  of  amide  has  a  marked 
(-)  rotation,  whereas  in  methanol,  for  example,  a  monomeric  molecule  of  the  same  amide  exhibits  marked  dextro 
rotation.  In  the  latter  case  the  molecules  of  the  amide  are  solvated,  but  this  can  hardly  be  the  principal  cause  of  the 
change  in  the  sign  of  rotation.  In  the  light  of  the  above,  the  previous  assumption  that  tautomerism  is  the  cause  of  the 
difference  in  the  character  of  the  rotation  dispersion  curve  in  different  solvents  appears  more  probable. 

To  make  a  further  check  of  the  correctness  of  this  assumption  regarding  the  tautomerism  of  amides  of  a-phenyl¬ 
ethylamine,  we  turned  our  attention  to  the  problem  of  the  influence  of  the  position  of  the  substituent  in  the  benzene 
ring  of  the  acid  part  of  the  amide  on  the  optical  activity. 

For  this  purpose  we  synthesized  the  following  compounds  and  investigated  them  by  means  of  the  spectropolari¬ 
meter  : 

C8M5CMNMCOCeH4-X 

I 

CH3 

X  =o-,p-NO,;  0-,  p-OCHj;  o-,  p-Br;0«0H;  p-CH,. 

It  was  found  that  for  amides  with  a  substituent  in  the  para  position  in  benzene,  the  sign  of  rotation  and  the 
nature  of  the  dispersion  of  the  initial  amine  are  retained.  In  polar  solvents  -  methanol,  chloroform,  pyridine  and 
dimethyl  formamide  -  and  also  indioxanethe  path  of  the  curve  is  inverse.  Figs.  1  and  2  give  the  dispersion  curves 
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of  the  optical  rotation,  characteristic  of  p-substituted  amides  of  a-phenylethylamine.  If  we  assume  that  amide- 
imino  tautomerism  is  possible  for  these  compounds,  the  amide  form  (A)  must  predominate  in  benzene  solutions,  while 

in  all  other  solvents  the  imino  form  (B)  is  predominant.  However,  here  we  did 


300  m  500  600 


A.  mu 

Fig.  1.  Dispersion  curves  of 
molecular  optical  rotation:  N- 
(p -b  rom  oben  zoy  1 )  -  a  -  pheny  1 - 
ethylamine  in  CH3OH  (1),  in 
QHg  (2);  N-(o-bromobenzoyl)- 
a-phenylethylamine  in  CH3OH 
(3).  in  QH4  (4). 


not  observe  two  crystalline  forms,  as  in  the  case  of  benzoyl-a -pheny lethylamine: 
recrystallization  from  various  solvents  -  methanol,  benzene,  heptane  -  always 
gave  substances  with  the  same  melting  point.  In  the  solid  form  these  compounds 
are  true  amides,  which  is  indicated  by  data  of  the  infrared  spectrum  of  p-nitro- 
benzoyl -a -pheny lethylamine  (in  vaseline  oil),  in  which  there  is  a  very  strong  ab¬ 
sorption  band  in  the  C  =  O  valence  vibration  region  (1644  cm"^),  and  also  ab¬ 
sorption  corresponding  to  NH  valence  vibrations  (3274,  3354  cir.  We  only 
succeeded  in  obtaining  two  crystalline  forms  in  the  case  of  N-(;.,5-dinitrobenzoyl)- 
a -pheny lethylamine  (m.p.  141-142“  from  a  mixture  of  CH3OH  and  H2O;  m.p. 
162-163“  from  CeHg);  similar  data  will  be  given  in  the  next  communication. 

In  the  case  of  amides  with  substituents  in  the  ortho  position  (except  for  o- 
methoxybenzoyl-a -pheny lethylamine)  the  sign  of  rotation  and  the  path  of  the 
curves  remained  the  same  as  for  the  initial  amine  (see  Fig.  1  for  o-bromobenzoyl- 
ot-phenylethylamine).  This  "anomalous"  behavior  of  ortho -substituted  benzoyl- 
a -pheny lethylamine  is  not  unexpected  because  in  all  cases  investigated  hitherto 
[4]  the  character  of  the  rotation  of  Schiff  s  bases  from  a-phenylethylamine  and 
ortho -substituted  benzaldehydes  was  unusual  and  different  from  para  compounds. 
The  disturbance  of  the  symmetry  by  an  ortho  substituent  evidently  has  such  a 
marked  effect  on  the  optical  rotation  that  in  the  case  of  ortho  derivatives  this 
effect  masks  the  finer  distinction  of  tautomeric  structures. 

EXPERIMENTAL 

Acyl  chlorides  of  substituted  benzoic  acids  were  obtained  by  the  standard 
procedure:  boiling  the  acids  with  a  4-5  fold  amount  of  SOCI2  for  5-6  hours  (heat¬ 
ing  was  less  than  30  minutes  only  in  the  case  of  o-methoxybenzoic  acid),  the 
excess  SC)Cl2  was  distilled  and  the  acyl  chloride  was  used  without  further  purifica¬ 
tion. 


3.1  g  of  (-)  a-phenylethylamine  ([a]^®£)  -40.4“),  4.7  g  of  p-nitrobenzoyl  chloride  and  1.5  g  of  crystalline 
soda  in  50  ml  of  benzene  were  heated  on  the  water  bath  for  1  hour;  the  precipitated  amide  was  filtered  and  recrystal¬ 
lized  from  5(fJo  methanol;  the  m.p.  was  141.5-142.5“.  After  re¬ 
crystallization  from  benzene  and  from  heptane  the  melting  point 


300  m  500  600 

X.  mji 


of  the  substance  was  unchanged. 

All  the  other  amides  were  obtained  in  the  same  way  (Table  1). 

Spectropolarimetric  measurements  were  carried  out  in  a  photo¬ 
electric  spectropolarimeter  in  the  589-290  mp  wavelength  region; 
the  limit  of  measurements  in  the  ultraviolet  region  of  the  spectrum 
depended  on  the  absorption  of  the  substance,  which  was  determined 
by  data  of  the  ultraviolet  spectrum.  Tubes  of  length  2.1  and  0.5 
inches  were  used  in  the  visible  part  of  the  spectrum,  and  0.2,  0.1 
and  0.05  inches  in  the  ultraviolet  part  (Tables  2-4). 


Fig.  2.  Dispersion  curves  of  the  molecular 
optical  rotation  of  N-(p-nitrobenzoyl)-a- 
phenylethylamine:  1)  In  QHe;  2)  in  CHCI3; 


SUMMARY 

Amides  of  optically  active  a-phenylethylamine  of  para-  and 
orthosub stitu ted  benzoic  acids  were  synthesized. 


3)  indioxane;4)  in  pyridine;  5)  in  CH3OH. 


A  spectropolarimetric  investigation  of  p-substituted  amides 


showed  that  the  solvent  has  an  effect  on  the  character  of  the  dis¬ 


persion  curves,  similar  to  that  discovered  in  the  case  of  N-benzoyl- 
a-pheny  lethylamine. 
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TABLE  1.  Amides  of  (-)  a-Phenylethylamine  C6H5CH(CH3)NHCOQH4-X 


M.p. 

•/.  N 

Ultraviolet 

Empirical 

spectrum  in  CH«C 

X 

Found 

Literature 

data 

formula 

Found 

..itera- 

lure  data 

^max. 

log  e 

P-N02 

14 1.5-142.5" 

140° 

265 

4.16 

0-N02 

161.5-162 

— 

^Mr)B  14^3^2 

10.62,  10.69 

10.37 

252 

3.80 

p-CH, 

p-OCtla 

136.5-137.5 

137 

^loBpON 

— 

— 

235 

4.20 

153.5—154.5 

1 54.5 — 

^iflBivOaN 

— 

— 

251 

4.27 

155 

0-OCH3 

74-76 

- 

C1CB17O2N 

5.66,  5.60 

5.49  j 

235 

287 

4.06 

3.54 

o-OH 

109-110 

— 

C1.5B15O2N 

5.86,  5.91 

5.85 

300 

3.68 

D-Br 

169-170.5 

— 

C,5ll,40NBr 

4.78,  4.62 

4.65 

240 

4.20 

o-Br 

118-119 

— 

C,5n,40NI3r 

4.79. 4.75 

4.65 

276 

(irPoBe) 

2.58 

TABI^  2.  Molecular  Rotation  of  N-(p-Nitrobenzoyl-)-a-phenylethylamine 


Sol  vent  G* 

CH3OH 

1.535 

Dioxane 

0.749 

CHCI3 

1.195 

CjHiN 

1.S59 

Aqueous 

C5H5N 

C,H, 

0.6H7 

X 

589 

+111 

+26.4 

+  13.8 

+  112 

+  119 

—  63.1 

578 

115 

27.9 

14.6 

117 

123 

—  65.4 

546 

134 

34.9 

19.8 

134 

146 

—  72.2 

493 

188 

51.6 

35.9 

185 

204 

—  87.0 

460 

242 

70.4 

51.5 

237 

242 

—  96.0 

436 

312 

94.5 

— 

286 

322 

—104 

405 

435 

143 

— 

357 

401 

— 

•  C -concentration  in  grams  per  100  ml  of  solution. 


TABLE  3.  Molecular  Rotation  of 


QMsCHNHCO 


CHa 


X 

CH, 

OCH,  1 

Br 

Solvent 

CH.OH 

1.200 

Dioxane 

DMF* 

G.H, 

CHjOH 

Dioxan* 

C.H, 

0.713 

CH,OH 

i.m 

C,H, 

C 

1.237 

1.069 

1.011 

1.033 

1.215 

0.853 

\ 

589 

+81.8 

+16.2 

+172 

—  69.3 

+144 

+38.4 

-42.1 

+116 

—  58.0 

578 

86.8 

16.3 

178 

—  74.4 

145 

39.9 

-50.1 

227 

—  44.0 

546 

101 

18.8 

203 

-  92.0 

166 

47.2 

-50.1 

145 

-  47.0 

493 

136 

27.0 

268 

-103 

229 

68.3 

—60.4 

_ 

—  70.0 

436 

211 

43.0 

387 

-141 

349 

114 

—74.5 

291 

—  83.0 

405 

286 

60.2 

495 

-168 

479 

155 

—74.5 

374 

—  83.0 

365 

438 

100 

722 

-230 

714 

239 

-83.2 

570 

-no 

334 

708 

179 

1134 

—284 

1360 

436 

_ 

896 

_ 

313 

1105 

298 

1525 

-322 

2195 

750 

_ 

1260 

_ 

302 

1500 

394 

1960 

-333 

2770 

1064 

_ 

_ 

_ 

297 

1770 

411 

2230 

_ 

3220 

1290 

_ 

_ 

294 

1795 

430 

— 

_ 

3360 

_ 

_ 

_ 

_ 

293 

1802 

— 

— 

— 

3410 

— 

— 

— 

— 

•  DMF -dimethyl  formamide. 
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TABLE  4.  Molecular  Rotation  of 


> 


X 

OH 

OCH, 

Br 

NO, 

Solven 

c 

t 

CH.OH 

1.349 

Dioxane 

1.230 

C.H, 

0.9.34 

CH,OH 

1.172 

C.H, 

1.389 

CH.OH 

1.345 

C.H. 

1.334 

CHjOH 

1.574 

Dioxan( 

1.064 

C.H, 

0.259 

X 

589 

+23.9 

-49.4 

-167 

+56.4 

+24.0 

-162 

-113 

-149.5 

-62.3 

-216 

578 

25.9 

—50.0 

-175 

63.0 

27.7 

-165 

—  113 

—157 

-68.0 

—230 

546 

26.8 

—61.0 

-206 

79.2 

34.6 

-193 

-131 

—177 

—75.2 

—260 

492 

29.8 

-93.8 

— 

— 

— 

— 

— 

-241 

-89.0 

-356 

460 

— 

— 

_ 

— 

— 

— 

— 

— 

-95.6 

-450 

436 

34.65 

-  173 

-470 

192 

102 

—3.58 

—238 

-363 

— 

-540 

405 

-41.5 

—  275 

-677 

280 

161.5 

—453 

-298 

—519 

— 

-698 

385 

—114 

-  401 

_ 

— 

— 

— 

— 

-662 

— 

— 

365 

-256 

-  630 

-1310 

560 

358 

-632 

—409 

—1180 

— 

— 

354 

-400 

—  827 

—1620 

— 

— 

— 

— 

— 

— 

— 

349 

-535 

-  955 

-17.50 

— 

— 

— 

-475 

— 

— 

— 

343 

-590 

-1059 

— 

— 

— 

— 

— 

— 

— 

— 

334 

— 

— 

— 

1310 

871) 

-869 

-560 

— 

— 

— 

313 

— 

— 

— 

3100 

2290 

—1200 

-715 

-1200 

— 

— 

310 

— 

— 

— 

— 

2480 

— 

— 

— 

— 

— 

302 

— 

— 

— 

— 

_ 

-1410 

-7.33 

— 

— 

— 

293 

— 

— 

— 

— 

— 

-1570 

— 

— 

— 

— 

289 

— 

— 

— 

— 

— 

-1820 

— 

— 

— 

_ 
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0-AMINOPHENYLVIN  YL  AND  p  -  A  M  I  N  OPH  E  N  Y  L  V I N  Y  L  ETHERS 

B.  1.  Mikhant’ev  and  V,  B.  MIkhant'ev 
Voronezh  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 
pp.  3050-3051,  September,  1961 
Original  article  submitted  October  7,  1960 


M.  F.  Shostakovskii  and  I.  A.  Chekulaeva  [1]  obtained  vinyl  ethers  of  ethanolamines.  They  established  that 
acetylene  is  added  only  to  the  hydroxyl  groups  of  diethanolamine.  However,  diaryl  amines  [2]  and  acridone  [3]  are 
vinylated  at  the  imino  group. 

The  presence  of  a  hydroxyl  and  amino  group  in  aminophenols  makes  it  possible  for  two  vinyl  groups  to  become 
attached.  Experiments  showed  that  the  products  formed  are  o-aminophenylvinyl  and  p-aminophenylvinyl  ether. 

The  structure  of  the  vinyl  ethers  was  proven  by  hydrogenation  to  the  saturated  aminophenylethyl  ethers  de¬ 
scribed  in  the  literature  [4], 


EXPERIMENTAL 

o-Aminophenylvinyl  ether.  33  g  of  o-aminophenol,  6  g  of  powdered  caustic  potash.  300  ml  of  dioxane  and 
66  ml  of  water  were  placed  in  a  liter  rotary  autoclave.  The  acetylene  pressure  at  saturation  was  11  atm,  the  tem¬ 
perature  was  150-155",  the  reaction  time  was  3  hours.  15.4  g  (37.65^  yield)  of  o-aminophenylvinyl  ether  was  ob¬ 
tained  from  the  reaction  mixture;  it  decolorized  bromine  and  an  aqueous  solution  of  permanganate. 

B.p.  87.5-88.5"  (10  mm),  d^®  1.0975,  nJJ  1.5706,  MRq  40.4;  calc.  40.4. 

Founder  N  10.36,  10.4.  M  135.1.  CgHaON.  Calculated ‘Vo;  N  10.364.  M  135.1. 

Under  the  influence  of  the  ether  of  boron  fluoride,  o-aminophenylvinyl  ether  polymerized  on  cooling  to  a  solid 
reddish  product,  readily  soluble  in  dioxane,  acetone,  and  methanol.  The  softening  point  was  90-95",  the  decomp.  temp, 
was  115-120".  M  was  8090,  the  degree  of  polymerization  was  60. 

Under  similar  conditions,  o-aminophenylvinyl  ether  copolymerized  with  vinylbutyl  ether  (1  :  1)  to  a  viscous 
product  with  a  molecular  weight  of  7040.  The  copolymer  dissolved  in  ether,  methanol,  acetone, dioxane.  styrene, 
toluene  and  chloroform. 


o -Aminophenylethyl  ether.  7.7  g  of  aminophenylvinyl  ether  was  hydrogenated  over  0.5  g  of  Raney  nickel  in 
15  ml  of  alcohol.  After  the  catalyst  and  the  solvent  had  been  removed  and  the  material  had  been  distilled,  we  ob¬ 
tained  4.8  g  (61.3*70)  of  o-aminophenylethyl  ether  with  an  m.p.  of  226",  n^  1.555.  According  to  [4],  the  b.p.  is  228*. 

Found:  M  138.  Calculated:  M  137.1. 

p -Aminophenylvinyl  ether.  The  initial  substances  and  conditions  were  similar  to  the  synthesis  of  o-amino¬ 
phenylvinyl  ether. 

23.5  g  (57.5*70  yield)  of  p-aminophenylvinyl  ether  with  a  b.p.  of  103-104"  tlO  mm)  was  obtained  from  the  reac¬ 
tion  mixture;  it  decolorized  bromine  and  an  aqueous  solution  of  permanganate. 

B.p.  103-104"  (10  mm),  d4®  1.080,  n^  1.5788,  MRp  41.4;  calc.  40.4. 

Found  *70:  N  10.33,  10.38.  M  135.1.  CgHgON.  Calculated  *70:  N  10.364.  M  135.1. 

Under  the  influence  of  the  ether  of  boron  fluoride,  p-aminophenylvinyl  ether  polymerized  on  cooling  to  a  solid, 
weakly  acid  product,  readily  soluble  in  dioxane,  acetone  and  methanol.  The  softening  point  was  85-90",  the  decomp, 
temp,  was  120",  M  was  10110,  the  degree  of  polymerization  was  75. 

p -Aminophenylvinyl  ether  was  copolymerized  with  vinylbutyl  ether  (1  :  1)  to  a  viscous  product  with  a  molec¬ 
ular  weight  of  6570.  The  copolymer  dissolved  in  ether,  methanol,  acetone  dioxane  and  chloroform. 
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p-Aminophenylethyl  ether.  The  experiment  was  carried  out  in  the  same  way  as  the  reduction  of  o-amino- 
phenylvinyl  ether.  The  constants  of  the  p-aminophenylethyl  ether  obtained  in  this  way  corresponded  to  literature 
data  [4]. 

SUMMARY 

1,  o-Aminophenylvinyl  and  p-aminophenylvinyl  ether  were  synthesized  from  acetylene  and  o-  or  p-amino- 
phenol. 

2.  The  ethers  obtained  polymerize;  they  copolymerize  with  vinylbutyl  ether,  solid  and  viscous  products  being 
obtained. 
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PREPARATION  OF  AMINOALKYL  ESTERS  OF  BENZILIC  ACID 
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The  reaction  of  ai -alkyl  halide  esters  of  acids  with  amines  is  a  convenient  method  of  synthesizing  amino- 
alkyl  esters  of  various  acids  [1-3].  In  some  cases  this  method  is  not  merely  convenient,  but  is  the  only  way  in  which 
such  esters  may  be  obtained.  The  synthesis  of  alkyl-(  6  -hydroxybutyl)-aminoethyl  esters  of  diphenylacetic  acid  from 
N-alkyl  aminobutalones  and  the  2-bromoethyl  ester  of  diphenylacetic  acid,  described  by  the  authcxs  [4],  may  serve 
as  an  example.  However,  when  attempts  were  made  to  obtain  similar  esters  of  benzilic  acid  in  the  same  way  we  met 
a  number  of  difficulties  in  preparing  the  intermediate  products,  which  necessitated  a  more  detailed  investigation  of 
this  method  of  synthesis. 

The  2-bromoethyl  ester  of  benzilic  acid  was  obtained  earlier  by  reacting  benzilic  acid  with  an  excess  of  ethyl¬ 
ene  bromhydrin  in  carbon  tetrachloride  in  the  presence  of  a  small  amount  of  sulfuric  acid  [2].  However,  when  this 
synthesis  was  repeated  we  obtained  a-(2-bromoethoxy)-diphenylacetic  acid  (I)  as  the  main  product,  together  with  a 
small  amount  of  the  2-bromoethyl  ester  of  benzilic  acid.  The  high  mobility  of  the  tertiary  hydroxyl  in  benzilic 
acid,  particularly  in  the  presence  of  strong  acids,  is  well  known  [5].  The  ease  with  which  ethers  of  compounds  con¬ 
taining  a  diphenylmethylol  group,  for  example  benzhydrol,  are  formed  Is  also  known  [6],  In  the  case  in  question, 
the  fact  of  the  preferential  formation  of  an  ether,  and  not  an  ester,  is  of  interest.  The  reason  for  this  lies  both  in  the 
high  mobility  of  the  tertiary  hydroxyl  of  the  acid  and  in  the  somewhat  greater  acidity  of  ethylene  bromhydrin  com¬ 
pared  with  ordinary  alcohols,  which  when  reacted  with  benzilic  acid  under  similar  conditions  give  esters.  The  ratio 
between  ethers  and  esters  varies  to  some  extent  in  relation  to  the  amount  of  ethylene  bromhydrin.  An  increase  in  the 
excess  of  the  latter  leads  to  the  formation  of  a  large  amount  of  ester  the  yield  of  which  reaches  38^o  in  the  presence 
of  a  four-fold  excess  of  alcohol.  But  the  use  of  a  still  larger  excess  of  alcohol  leads  to  the  formation  of  an  etherifica¬ 
tion  product  at  the  carboxyl  and  hydroxyl  groups  simultaneously  [2] 

If  the  ease  with  which  an  ether  is  formed  is  due  to  the  acidity  of  the  alcohol,  it  may  be  assumed  that  other 
halohydrins  will  react  in  a  similar  way  to  ethylene  bromhydrin.  In  fact,  when  benzilic  acid  was  reacted  with  ethyl¬ 
ene  chlorhydrin  and  ethylene  iodohydrin,  the  principal  reaction  products  were  the  corresponding  a-(2-  lialoethoxy  )- 
diphenylacetic  acids.  All  three  a -(2 -halogoethoxy) -diphenylacetic  acids  obtained  react  readily  with  bases,  split¬ 
ting  off  a  molecule  of  hydrogen  halide  and  forming  the  lactone  of  a -(2 -hydroxy ethoxy) -diphenylacetic  acid,  i.e., 

3,3  -diphenyl -2 -0X0 -1,4  dioxane(II).  To  prove  the  structure,  we  obtained  the  latter  by  reacting  the  acyl  chloride 
of  diphenylchloroacetic  acid  (III)  with  the  disodium  derivative  of  ethylene  glycol,  i.e.,  by  the  method  usually  em¬ 
ployed  for  the  synthesis  of  derivatives  of  2-oxo-l,4  dioxane  [7,8]. 


((>6H5)2^^(DH)C00II  f  IIOCIIaCHaBr 


/ 


((-V'5)2C(OH)coocii2CH2nr 


OCIl2Cn2Br 


(C’8H5)2C( 

^COOIl 


OH-. 

R,N 


(I) 


.(Cell5)2C(;iCOCI  Na0Gll2CIl20Na 
(Ill) 


(C6H5)2G  CII2 

I  I 

0=C  CH2 
(II) 


/OCH2CH,oii 

(CeH6)2C< 

^COOH 

(IV) 


2845 


when  the  lactone  was  reacted  with  an  equivalent  amount  of  alkali  the  disodium  salt  of  a-(2-hydroxyethoxy)- 
diphenylacetic  acid  was  obtained,  careful  acidification  of  an  aqueous  solution  of  this  salt  giving  the  acid  (IV)  itself. 
The  latter  is  a  very  labile  compound  and  is  already  lactonized  on  recrystallization.  The  acid  is  characterized  in  the 
form  of  the  p-nitrobenzyl  ester. 

Therefore  the  properties  of  benzilic  acid  containing  an  active  tertiary  hydroxyl  were  an  obstacle  to  obtaining 
the  2-bromoethyl  ester.  To  obtain  aminoetliyl  esters  of  benzilic  acid  we  therefore  employed  the  2-bromoethyl  ester 
of  diphenylchloroacetic  acid  instead  of  the  benzilic  ester.  It  is  known  that  the  halogen  in  a-halogendiphenylacetic 
acids  and  their  derivatives  has  a  low  activity  in  reactions  with  amines,  particularly  in  an  inert  solvent  [9,  10].  This 
is  evidently  due  to  the  marked  steric  hindrance  caused  by  the  two  phenyl  rings.  On  the  other  hand,  when  heated 
with  dilute  acids  the  halogen  in  the  a-position  is  readily  replaced  by  a  hydroxy  group  [11].  It  was  to  be  expected 
that  when  diphenylchloroacetic  acid  2-bromoethyl  ester  (V)  reacts  with  a  dialkyl  amine  with  subsequent  hydrolytic 
removal  of  the  chlorine  in  the  resulting  diphenyl  chloroacetic  acid  amino  ester  (VI),  benzilic  acid  aminoethyl  esters 
(VII)  may  be  formed.  In  point  of  fact  the  required  esters  were  obtained  with  50^o  yields. 

(Coii.o^ocicoocii^cii^nr  ;  ii.Mi  — ►  (Ccii5)2CCicoociio(:ii.,Nn2 

(V)  (VI) 

jHCl 

(C6n5)2C(OH)coocii2Cii2Nn2 

(VII) 

|r,nh 

(06116)20(011)0000112^.112011  -1  TsOl  — >  (C6ll5)20(0n)0000Il20Il20Ts 
(VIII)  (IX) 

The  essential  shortcoming  of  this  method  is  the  difficulty  of  purifying  the  intermediate  aminoesters  of  di¬ 
phenylchloroacetic  acid,  as  a  result  of  which  we  purified  only  the  end  products.  The  impurities  formed  made  such 
purification  difficult  to  some  extent  and  led  to  appreciable  losses  of  the  required  compounds.  We  therefore  developed 
another  method  of  synthesizing  aminoethyl  esters  of  benzilic  acid.  For  the  initial  compound  we  used  our  synthesized 
benzilic  acid  2 -hydroxyethyl  ester  (VIII),  formed  with  a  high  yield  by  reacting  benzilic  acid  and  ethylene  glycol  in 
the  presence  of  sulfuric  acid.  The  ester  obtained  was  converted  to  the  tosylate  (IX),  the  tosyl  group  of  which  is  readily 
replaced  by  an  amino  group,  with  ~  70^0  yield.  By  reason  of  the  ease  with  which  the  intermediate  products  are 
piuified  it  may  be  assumed  that  this  method  is  more  convenient  than  those  described  above.  This  method  was  also 
used  for  the  synthesis  of  the  methyl-(5 -hydroxybutyl)-aminoethyl  ester  of  benzilic  acid  required. 

EXPERIMENTAL 

Reaction  of  benzilic  acid  with  ethylene  bromhydrin.  A  solution  of  0.05  g-mole  of  benzilic  acid,  0.1  g-mole 
of  ethylene  bromhydrin  and  three  drops  of  sulfuric  acid  in  75  ml  of  benzene  were  boiled  in  a  flask  (equipped  with  a 
water  trap)  for  5-6  hours  until  separation  of  water  had  ceased.  50  ml  of  benzene  was  then  distilled  and  the  precipi¬ 
tate  of  a-(2-bromoethoxy)-diphenylacetic  acid  which  came  out  on  cooling  was  separated.  The  yield  was  12.7  g 
(76^0),  the  m.p.  was  143.5°  (from  alcohol). 

Found  C  57.42,  57.31;  H  4.48,  4.45.  CieHigOaBr.  Calculated  <70 ;  C  57.31;  H  4.51. 

The  filtrate  obtained  after  separation  of  the  precipitate  was  washed  with  a  soda  solution  until  there  was  no 
longer  an  acid  reaction;  it  was  then  dried  with  calcium  chloride.  After  the  benzene  had  been  driven  off,  the  2- 
bromoethyl  ester  of  benzilic  acid  was  distilled.  The  yield  was  2.4  g  (14*170),  the  b.p.  was  187-190°  (2  mm).  According 
to  literature  data  [2],  the  b.p.  is  173-180°  (0.2  mm). 

By  reacting  benzilic  acid  with  ethylene  chlorhydrin  under  similar  conditions  we  obtained  file  2-chloroethyl 
ester  of  benzilic  acid  (20^0)  with  a  b.p.  of  178-184°  (3  mm),  and  a-(2-chloroethoxy)-diphenylacetic  acid  (l4lo), 
with  an  m.p.  of  129°  (from  ethyl  acetate). 

Found  1o:  c  66.43,  66.32;  H  4.99,  5.08.  C^HisOsCl.  Calculated  c  66.12;  H  5.19. 

By  reacting  benzilic  acid  with  ethylene  iodohydrin  we  obtained  a-(2-iodoethoxy)-diphenylacetic  acid  (91®7o). 
The  m.p.  was  154°  (decomp,  from  ethyl  acetate). 

Found  *70:  C  50.37,  50.57;  H  4.08,  4.06.  CjeHisOsI.  Calculated  "/o;  C  50.30;  H  3.96. 
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glycol  and  5  drops  of  sulfuric  acid  in  100  ml  of  benzene  were  boiled  in  a  flask  (equipped  with  a  water  trap)  for  5-6 
hours  until  no  more  water  separated.  The  cooled  solution  was  washed  with  soda  and  the  benzene  was  distilled.  The 
residue  crystallized.  The  yield  was  33.0  g  (81*70),  the  m.p.  was  96“  (from  ethyl  acetate). 

Found  *70:  C  70.72,  69.96;  H  6.32,  6.38.  Ci6H^04.  Calculated  <70:  C  70.53;  H  5.92, 
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of  the  2-hydroxyethyl  ester  of  benzillc  acid  and  0.01  g-mole  of  N-methylaminobutanol  [4]  in  10  oil  of  anhydrous 
toluene  was  boiled  for  1  hour.  The  toluenesulfonic  acid  salt  of  the  aminoalcohol,  which  came  out  as  a  viscous  oil 
when  the  reaction  mixture  cooled,  was  separated  and  the  toluene  layer  was  washed  with  water.  The  toluene  layer 
was  then  extracted  several  times  with  hydrochloric  acid.  Ammonia  was  added  to  the  acid  extracts  until  an  al¬ 
kaline  reaction  was  obtained,  and  the  oil  was  extracted  with  benzene.  The  benzene  extract  was  dried  with  sodium 
sulfate,  filtered  and  the  benzene  was  distilled.  The  residue  crystallized.  The  yield  was  1.20  g  (STio),  the  m.p.  was 
70-70.5*  (from  alcohol). 

Found  %  C  70.43,  70.67;  H  7.88,  7.85;  N  4.13,  4.16.  C21H27O4N.  Calculated  lo-,  c  70.55;  H  7.61;  N  3.92. 

SUMMARY 

1.  When  benzilic  acid  reacts  with  ethylene  halohydrins  in  the  presence  of  sulfuric  acid,  a-(2-  haloeihoxy)- 
dlphenylacetic  acids  are  formed  together  with  2-haloethoxyl  esters  of  benzillc  acid.  When  these  diphenylacetlc  acids 
are  acted  on  by  bases,  the  lactone  of  a-(2-hydroxyethoxy)-diphenylacetic  acid  is  formed. 

2.  Dialkylaminoethyl  esters  of  benzilic  acid  may  be  obtained  by  reacting  the  2-bromoethyl  ester  of  diphenyl- 
chloroacetic  acid  with  a  dialkyl  amine,  followed  by  removal  of  the  chlorine  by  hydrolysis.  The  same  esters  are  formed 
by  the  reaction  of  amines  with  the  tosyl  derivatives  of  the  2-hydroxyethyl  ester  of  benzilic  acid. 

LITERATURE  CITED 

1.  S.  McElvain  and  T.  Carney,  J.  Am.  Chem.  Soc.  6^,  2592  (1946). 

2.  S.  Joshida  and  T.  Iwashiga,  Pharm.  Bull,  Japan,  3,  417  (1955);  Ch.  A.  13889  (1956). 

3.  F.  Leonard  and  L.  Simet,  J,  Am.  Chem.  Soc.  77,  2855  (1955). 

4.  S.  G.  Kuznetsov  and  D.  V.  Ioffe,  ZhOKh,  2289  (1961). 

5.  A.  Bistzycki  and  L.  Mauron,  Ber.  4060  (1907). 

6.  Sint.  Org.  Prep.  5,  13  (1954). 

7.  C.  Bischoff,  Ber.  40,  2803  (1907). 

8.  E.  Hollo,  Ber.  61.,  895  (1928). 

9.  J.  Klosa,  Arch.  Pharm.  288/60,  246  (1955). 

10.  1.  Klosa,  Arch.  Pharm.  288/60,  75  (1955). 

11.  K.  Adank  and  W.  Stoll,  Helv.  Chim.  Acta.  887  (1959). 

12.  H.  Bickel,  Ber.  22,  1537  (1889). 

13.  A.  Ford-Moore  and  H.  Jng,  J.  Chem.  Soc.  55  (1947). 
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2-MethyIbenzthiazole  derivatives  containing  hydroxymethyl  groups  in  the  benzene  ring  are  described  in  the 
literature  [4],  whereas  their  homologs  -  6 -hydroxy ethyl-substituted  -  are  unknown.  In  the  present  work,  5-(6- 
hydroxyethyl)-  and  6-(6 -methoxyethyl)-2-methylbenzthiazoles  (VIII  and  XII)  were  synthesized,  and  cyanine  dyes 
were  obtained  from  them.  Compound  (VIII)  was  synthesized  by  the  method  described  below. 

The  first  stage  -  catalytic  hydrogenation  of  product  (I)  -  makes  it  possible  to  prepare  amine  (II)  relatively 
simply,  no  method  for  the  preparation  of  this  compound  being  given  in  the  literature.  Substances  (I-V)  are  de¬ 
scribed  [2],  but  constants  and  analytical  data  are  not  given  for  compound  (V);  substances  (VI -VIII)  were  obtained  for 
the  first  time.  The  base  (VIII)  is  a  colorless  crystalline  substance,  similar  in  properties  to  5 -hydroxymethyl -2 -methyl- 
benzthiazole  [1]. 


OjN-;''  CII2  — ♦  IIjN— CHaCII-aOII 

\o/  ^ 


(I) 


(II) 


ClIjCONlI— CII2CII2OCOCH3  — ♦  CHgCONlI-;^  CllaCIIaOCOCIU 

(III)  OjN  (IV) 


II2N— ^  CllaCIIaOII  — >  Cl-<^  CII2CII2OII 

O2N  (V)  OjN  (Vl) 


HOClIzC.Hj— ^-S— S-^ _ CH2CH2OII 

"\ 

NO2  O2N 

(VII) 


Sv 


\-(.n3 

I  II  // 

HOCII2CII2^'^^\n^ 


(VIII) 


We  did  not  succeed  in  convering  the  amine  (II)  to  6-(6-hydroxyethyl)-2-methylbenzthiazole  by  Jacobson's 
method.  However,  the  methyl  ester  of  the  latter  compound  was  synthesized  by  this  method  from  the  0-(p-nitro- 
phenyl)-ethylmethyl  ester: 


cii2CH20(:h3 

1 

cii2(;ii20cii3 

1 

cn2CH20(;i 

1 

li  1 

1 

li 

1 

— *  1  1 

1 

NO2 

1 

NHCOCII;, 

1 

NHCSCII3 

(IX) 

(X) 

(XI) 

cn30cn2cii2 


C-CH3 


(XII) 
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Substances  (IX  -XII)  were  not  mentioned  In  the  literature.  Oases  (VIII)  and  (XII)  were  converted  to  the  quater 
nary  salts,  horn  which  various  cyanine  dyes  were  obtained. 


H' 


cii=(: 


-CH=C  I  I 

\n/ 


I  I 

CIO4-  G2H5 

(Xlll)  U  =r  CH.CH.OH,  R'=R"=R'''=n""=H:  n  =  0; 

(XIV)  H  =  R'':=CH,CH,OH;  R'=R'''=iH"''=H;  n=l; 

(XV)  K=:  R"=R'''=::R'"'r--H:  R'-CH,CH,OCHj;  n  =  0; 

(XVI)  Rr=  R''=R"''=H;  R'--R'"=on,CH,OCH,;  n  =  l; 

(XV M)  R=R"=H;  R'=R"'=CH,CH,OCH,;  R""  =  C,H»;  n  =  l; 
(XVIM)  R=  R''=R''''=H:  R'=R"'=:CH,CH,0CH3;  n  =  3. 


(XIX) 


CoH 


(.  ll3UCH2*^ll2v^^x^^Sv 

\'  \\  \ 


c— cji=cn— < 


(XX) 

Ha 

c 

n2C  CH2 

I  i 


I 

C2H5  C104- 


S .  CflUs 

.  1 

c=cn— c=c-s 

"  I  I 

OC  C— CH=rC 


s.,  .  w 

\/  A/ 


I 

Cjll-, 


C104 


I 

CzHr. 


\n. 


Galtr, 


(XXl)  R  =  ClI,CH,OH:  R'=H:  (XXII)  R  =  H;  R' =  CH,CH,OCH,. 


The  presence  of  0 -hydroxy-  or  0 -methoxyethyl  groups  in  the  heterocyclic  radicals  of  cyanine  dyes  causes  their 
high  solubility  in  alcohol  and  water,  which  impedes  their  precipitation  and  purification;  they  were  therefOTe  precipi¬ 
tated  as  the  perchlorates,  the  solubility  of  whicn  in  alcohol  is  nevertheless  considerable. 

With  respect  to  cola:  change,  the  introduction  of  0 -hydroxy ethyl  groups  in  the  5,5*  and  0 -methoxyethyl  groups 
in  the  6,6* -position  of  thiacyanine  molecules  is  equivalent  to  the  introduction  of  ethyl  groups  in  the  same  positions: 
depending  on  the  type  of  dye,  it  either  causes  no  change  or  displaces  the  principal  absorption  maximum  by  only  a 
few  millimicrons  in  the  longwave  part  of  the  spectrum. 

EXPERIMENTAL 

0  -(p-Aminophenyl)-ethyl  alcohol  (H).  100  g  of  compound  (I)  [3]  was  dissolved  in  200  g  of  anhydrous  methyl 
alcohol  and  was  hydrogenated  in  a  500  ml  steel  autoclave  (equipped  with  a  stirrer)  at  50"  and  a  pressure  of  40  atm  in 
the  presence  of  1.8  g  of  anhydrous  sodium  carbonate  and  4  g  of  Raney  nickel  until  53.7  liters  of  hydrogen  had  been 
observed.  The  catalyst  and  the  soda  were  filtered,  the  solvent  was  distilled  completely  from  the  filtrate  at  the  pump 
and  the  light -brown  viscous  mass  which  remained  (82.5  g)  was  extracted  repeatedly  with  petroleum  ether  (b.p.  50-80°). 
The  ether  was  distilled  and  33  g  (40^o)  of  compound  (II)  with  an  m.p.  of  105-107°  (from  petroleum  ether)  was  ob¬ 
tained. 

Found  N  9.99,  9.85.  CaHuON.  Calculated  N  10.21. 
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B-(p-Acetylaminophenyl)-ethyl  acetate  (III).  10  g  of  compound  (II),  4  g  of  anhydrous  CI^COONa  and  20  ml 
of  acetic  anhydride  were  boiled  for  2  hours,  the  mixture  was  left  to  cool  and  was  poured  into  a  10-fold  excess  of 
water  and  ice.  The  crystalline  precipitate  was  washed  repeatedly  with  water.  The  yield  of  product  (III)  was  16.5  g 
(95*70);  the  m.p.  was  95"  (from  25*70  alcohol). 

Found  *7o:  N  6.53,  6.54.  C0II15O3N.  Calculated  *70;  N  6.33. 

6-(4-Acetylamino-3-nitrophenyl)-ethyl  acetate  (IV).  4.4  g  of  compound  (III)  was  added  slowly  with  stirring 
to  7.4  ml  of  HNO^  (d  1.45)  at  30-40*.  After  20  minutes  the  mixture  was  poured  onto  ice,  the  precipitate  was  filtered 
and  washed  with  water.  The  yield  of  the  nitroproduct  (IV)  was  4.3  g  (81*70);  the  m.p.  was  78*  (from  2^  alcohol). 

Found  *7o:  N  10.32,  10.28.  C12H14O5N2.  Calculated  *70;  N  10.52. 

B-(4-Amino-3-nitrophenyl)-ethyl  alcohol  (V).  A  mixture  of  5.0  g  of  compound  (IV)  and  40  ml  of  8  N  HCl 
was  boiled  for  1  hour  and  was  treated  with  ammonia  in  the  cold  until  an  alkaline  reaction  was  obtained.  The  oil 
which  separated  was  extracted  4  times  with  ether,  the  extract  was  washed  with  water  and  dried  with  anhydrous  Na2S04. 
The  m.p.  of  compound  (V)  was  85-86*  (from  benzene);  the  yield  was  69.5*70. 

Found  *7o:  N  15.10.  C8H10O3N2.  Calculated  *7®:  N  15.38. 

B-(3-Nitro-4-chlorophenyl)-ethyl  alcohol  (VI).  1.82  g  of  compound  (V)  was  dissolved  in  4.4  ml  of  HCl  (d 

l. 14)  and  was  diazotized  at  -5"  with  a  solution  of  0.7  g  of  NaNO^  in  2  ml  of  water.  The  diazo  solution  was  added 
slowly  to  a  solution  of  1.3  g  of  CU2CI2  in  4.5  ml  of  HCl  (d  1.14)  at  -10",  the  mixture  was  left  for  0.5  hours  without 
cooling;  it  was  then  heated  to  60*  and  left  to  cool.  The  oil  was  extracted  with  ether,  the  extract  was  washed  with 
^0  aqueous  K2CC^  and  then  with  water  until  a  neutral  reaction  was  obtained;  it  was  dried  with  anhydrous  Na2S04 
and  the  solvent  was  distilled.  The  residue  was  0.8  g  of  compound  (VI)  (75.5*7o);  the  m.p.  was  48-49*  (from  petroleum 
ether). 

Found  *7o:  Cl  17.65,  17.86.  CgHgOjNCl.  Calculated  *70;  C  17.61. 

Bis[4-(0  -hydroxyethyl)-2-nitrophenyl]-disulfide  (Vll).  A  mixture  of  0.9  g  of  Na2S  •  9H2O,  8  ml  of  methyl  al¬ 
cohol  and  0.12  g  of  powdered  sulfur  was  boiled  for  0.5  hours.  The  solution  was  added  dropwise  for  1  hour  to  a  boil¬ 
ing  solution  of  1.5  g  of  compound  (VI)  in  5  ml  of  methyl  alcohol  and  was  boiled  for  another  hour.  The  solvent  was 
driven  off  and  the  residue  was  treated  with  anhydrous  ether.  The  disulfide  (VII)  consisted  of  yellow  crystals  with  an 

m. p.  of  138°  (from  toluene);  the  yield  was  2(77o. 

Found *7o:  5  16.48,16.49  Ci6Hi606N2S2.  Calculated *70;  5  16.16. 

2-Methyl-5-(0  -hydroxyethyl)-benzthiazole  (VllI).  A  powdered  mixture  of  1.56  g  of  sulfide  (VII)  and  3.75  g 
of  zinc  dust  was  added  at  80*  in  small  portions  over  a  period  of  40  minutes  (with  stirring)  to  21  ml  of  glacial  acetic 
acid.  The  mixture  was  heated  for  0.5  hours  at  100*  and  2.4  ml  of  acetic  anhydride  was  added  gradually.  It  was 
stirred,  boiled  for  2  hours,  cooled  and  25  ml  of  water  was  added.  The  zinc  dust  was  filtered  and  it  was  washed  several 
times  with  ether.  A  solution  of  3  g  of  NaOH  in  210  ml  of  water  was  added  to  the  ethereal-aqueous  filtrate  and  it 
was  extracted  with  250  ml  of  ether.  An  oil  with  a  b.p.  of  162-165°  (4  ml)  came  out  of  the  extract  after  it  had  been 
washed  with  3*70  NaOH  and  water  and  dried  with  anhydrous  K2CC)3.  The  yield  of  compound  (VIII)  was  1.2  g  (78*7o). 

The  substance  gradually  hardened;  the  m.p.  was  56*  (from  petroleum  ether). 

Found  *7o:  N  6.96,  6.85.  CioHiiON5.  Calculated  *7o:  N  7.25. 

1.45  g  of  benzthiazole  (VIII)  and  1.6  g  of  the  ethyl  ester  of  p-toluenesulfonic  acid  were  heated  for  7  hours  at 
150";  the  quaternary  salt  which  was  formed  was  purified  in  the  usual  manner.  The  yield  was  2.65  g  (8?7o). 


fi-(p-Nitrophenyl)-ethylmethyl  ester  (IX).  13.6  g  of  the  0 -phenylethylmeth/1  ester  was  added  with  stirring 
at  15-18°  in  1.5  hours  to  a  mixture  of  24  g  of  H28O4  (d  1.84)  and  16.0  g  of  HNO^  (d  1.45).  5tirring  at  this  temperature 
was  continued  for  0.5  hours  and  the  mixture  was  poured  onto  ice.  The  nitro  product  was  extracted  with  ether,  the 
extract  was  dried  with  anhydrous  Na2S04,  the  solvent  was  distilled,  tlie  residue  (18.5  g)  was  kept  at  -10°,  -15*  and 
the  para  isomer  was  filtered;  the  yield  was  9.7  g  (547o);  yellowish  needles  with  an  m.p.  of  61-62*  (from  petroleum 
ether). 

Found  *7o:  N  7.79,  7.88.  CgHnOjN.  Calculated  *7o:  N  7.73. 
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No. 

Dye 

Initial  sub¬ 
stances  (g) 

Solvent  (ml) 

(XIII) 

3,3* -Diethyl -5 -(0-hydroxyethyl)- 
thiacyanine  perchlorate 

A  (0.4) 

C  (0.33) 

Alcohol  (4) 

(XIV) 

3,3’ -Diethyl-5,5’ -dl(6 -hydroxycthyl)- 
thiacarbocyanine  perchlorate 

A  (0.4) 

1)  (0.3) 

Pyridine  (1),  acetic 
anhydride  (1) 

(XV) 

3,3’ -Diethyl -6-(0 -methoxyethyl)- 
thiacyanine  perchlorate 

B  (0.4) 

C  (0.35) 

Alcohcl  (3) 

(XVI) 

3,3’  -Diethyl-0, G’  -di(0  -methoxyethyl)- 
thiacarbocyanine  perchlorate 

B  (0.8) 

D  (0.6) 

Acetic  anlydride  (1) 
pyridine  (2) 

(XVII) 

3,3’,9-Triethyl-6,6'  -di(0  -methoxyethyl)- 
thiaearbocyanine  perchlorate 

B  (0.8) 

F  (2.0) 

Pyridine  (2.0) 

(XVIII) 

3,3' -Diethyl -6,6’ -di(0 -methoxyethyl)- 
thiatricarbocyanine  perchlorate 

B  (0.9) 

G  (0.29) 

Alcohol  (5) 

(XIX) 

3  -Ethy  1  -5  -[3  ’  -ethyl  -6’  -( 0  -m  ethoxy  ethyl)  - 
benzthiazolindiene-2-cthylldene]  rhodanine 

B  (0.8) 

H  (0.6) 

Pyridine  (2.5) 

(XX) 

Ethyl  perchlorate-2-(p-dimcthylaminostyryl)- 
6-(0-methoxyethyl)-benzthiazole 

B  (0.4) 

I  (0.15) 

Acetic  anhydride  (3) 

(XXI) 

3,3’  -Diethyl-5’  -(0  -hydroxyethyl)-4-keto-5- 
[0  -(3’'-ethyl-6’’,7’'-tetramethylene- 
benzothiazolinidene-2’')-  a-phenylethyl  - 
idene]-thiazoli nothia cy a n ine  perchlora te 

A  (0.4) 

E  (0.24^) 

Pyridine  (3),  acetic 
anhydride  (1) 

(XXII) 

3,3' -Diethyl -6'  -(0  -mcthoxyethyl)-4-keto-5- 
f0  -(3’’-ethyl-6'',7’'-tetramethylene- 
benzthiazoLInidene-2')-  a-phenylethyl- 
idene]-tluazolinothiacyanine 

B  (0.4) 

E  (0.24 ‘’) 

Acetic  anhydride  (2) 

Notes:  a)  All  the  dyes  were  crystallized  from  alcohol;  b)  were  determined  in  alcoholic 

solution  in  a  SF-2M  spectrophotometer;  c)  the  triethylamine  was  added  dropwise  to  a  hot  mix¬ 


ture  of  the  reacting  substances  until  a  blue  solution  was  formed;  d)used  in  the  form  of  the  quater¬ 
nary  salt,  for  the  preparation  of  which  the  indicated  amount  of  substance  E  was  heated  with  0.63  g 
of  dimethyl  sulfate  for  25  minutes  at  145°  and  the  salt  formed  was  washed  with  anhydrous  ether; 
the  crude  dye,  precipitated  witli  ether,  was  chromatographed  in  chloroform  on  Al^C^,  the  blue  was 
washed  out  with  methanol  and  the  dye  was  precipitated  as  the  perchlorate.  The  asterisks  signify 
tlie  dyes  which  melt  with  decomposition. 

6 -(p-Acetylaminophenyl)-ethylmethyl  ester  (X).  36.2  g  of  compound  (IX)  was  added  in  1  hour  to  a  solution 
of  150  g  of  SnCl2  •  2H2O  in  300  ml  of  HCl  (d  1.19).  After  20  minutes,  40^o  NaOH  was  added  with  cooling  until  the 
tin  hydroxide  had  dissolved.  The  yellow  oil  was  extracted  with  300  ml  of  chloroform,  the  extract  was  washed  with 
water  until  there  was  no  trace  of  alkali  in  the  wash  water,  and  it  was  then  dried  with  anhydrous  Na2S04.  30  g  (99^o) 
of  0 -(p -am inophenyl)-ethylm ethyl  ester  was  obtained  from  tite  extract  and  was  acetylated  without  further  purifica¬ 
tion.  40  ml  of  acetic  anhydride  was  added  to  the  amino  derivative  and  the  heated  mixture  was  left  for  0.5  hours. 
150  ml  of  water  was  added  and  the  mixmre  was  heated  until  a  solution  was  obtained.  When  the  latter  had  cooled, 
colorless  needles  were  precipitated  and  these  were  filtered  and  washed  with  water.  The  yield  of  compound  (X)  was 
32.7  g  (84.2^0),  the  m.p.  was  86°  (from  petroleum  ether). 

Found  *70:  N  7.50,  7.52.  CnHisO^N.  Calculated  ^o-,  N  7.25. 


2-Methyl-6-(0  -methoxyethyl)-benzthiazole  (Xll).  A  powdered  mixture  of  19.3  g  of  compound  (X)  and  11.1  g 
of  P2S5  was  heated  for  10  minutes  at  120°.  Tlie  melt  was  dissolved  in  100  ml  of  207o  NaOII,  CC^  was  passed  for  0.5 
hours  into  the  filtered  solution  acidified  with  acetic  acid  until  a  white  turbidity  was  formed,  and  compound  (XI)  was 
extracted  with  chloroform.  The  extract  was  washed  with  water  and  dried  with  anhydrous  Na2S04,  the  chloroform  was 
distilled,  the  residue  was  dissolved  in  150  ml  of  lO^o  NaOH  and  a  solution  of  69  g  of  KsCFefCN)^]  in  395  ml  of  water 
was  added  slowly  at  +5°  to  the  alkaline  liquid;  the  mixture  was  left  for  20  hours  and  was  steam  distilled.  The  dis¬ 
tillate  was  extracted  with  300  ml  of  chlcxoform,  the  extract  was  dried  with  anhydrous  1^003,  the  solvent  was  driven 
off  and  it  was  distilled.  The  yield  of  benzothiazole  (XII)  was  6.25  g  (32*70),  calculated  on  the  initial  (X);  the  b.p. 
was  132-145°  at  5  mm. 


Condensing 
agent  (ml) 

Heating 
time  (min) 

Yield 

% 

Melting 

point^ 

xb 

^  max 
m/i 

Empirical  for¬ 
mulae  of  the  dyes 

%  Cl 

found 

calcu¬ 

lated 

HCiUsh  (0.25) 

30 

68.4 

222° 

428 

Q1H23O5N2S2CI 

7.37.  7.32 

7.35 

- 

90 

26.6 

130 

568 

C25H29O4N2S2CI 

6.19 

6.42 

7.27 

N(C2H5)3‘'(0.25) 

30 

30.5 

226 

427 

C22H25O5N2S2CI 

7.35 

7.15 

- 

60 

45 

2or 

566 

C27I J33G6N2S2C1 

5.90 

6.11 

6.00 

Acetic  anhydride 

60 

27 

102* 

557 

C29H3  7O5  N2  S2CI 

5.78 

5.83 

(0.1) 

1 

5,74 

Piperidine  (0.3) 

7 

30 

151* 

773 

C31^^3AN2S2C1 

5.66 

5.52 

5.36 

- 

30 

74 

202 

530 

Cjgl  l226^N2S3 

N  6.83 

N  6.88 

6.75 

- 

30 

34 

231* 

530 

7.68 

7.61 

7.55 

N(Cjn5)3  (0,5) 

60 

70.5^ 

279 

618 

Cggl  l40^\N3S3(-l 

4.65 

4.63 

4.44 

N(C2M5)3  (0.3) 

60 

20 

272 

619 

C39H45O6N3S3CI 

4.61 

4.55 

4.63 

Found  1o:  N  7.06,  7.00.  CuHuONS.  Calculated  N  6,76. 

The  quatarnary  salt  was  obtained  from  equimolecular  amounts  of  compoiuid  pClI)  and  the  ethyl  ester  of  p- 
toluenesulfonic  acid,  as  in  the  similar  case  of  compound  (IX);  the  yield  of  the  salt  was  75-77%. 

Cyanine  dyes  (XIII -XXII)  (Table).  Known  standard  methods  were  used  for  the  synthesis  of  the  dyes. 

The  following  key  is  adopted;  A)  tosylate  of  compound  (VIII);  B)  tosylate  of  compound  (XII);  C)  tosylate  of 
2-methyl  mercaptobenzthiazole;  D)  orthoformic  ester;  0)  3-ethyl-5-(3’-etliyl-6’,7’-tetramethylenebenzthiazolin- 
idene-2’)-a-phenylethylene  rhodanine;  F)  orthopropionic  ester;  G)  hydroc:  '.c  acid  salt  of  anilanilide  of  glutaconic 
aldehyde;  H)  3-  3-ethyl-5-acetanilidomethylene  rhodanine;  I)  p-dimethylaminobenzaldehyde. 

SUMMARY 

5-(6-Hydroxyethyl)-  and  6-(6 -methoxyethyl)-2-methylbenzthiazole  were  synthesized  and  were  used  for  making 
10  cyanine  dyes,  for  which  the  principal  absorption  maxima  were  determined. 

A  method  was  proposed  for  obtaining  p-aminophenylethyl  alcohol  from  the  oxide  of  p-nitrostyrene.  New  deriva¬ 
tives  of  phenylethyl  alcohol  were  synthesized. 
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It  was  previously  shown  tliat  the  reaction  between  phosphorus  pentachloride  and  urethan  takes  place  with  libera¬ 
tion  of  2  moles  of  hydrogen  chloride  and  the  formation  of  the  ethyl  ester  of  triehlorophosphazoearbonic  acid  [1],  i.e., 
like  the  reaction  of  phosphorus  pentachloride  with  amides  of  sulfonic  acids  [2]. 

c.jijOCONiia  -i- rcij  —  C2iiiO(;ON=i'(;i,,. 

It  was  subsequently  found  that  this  reaction  is  quite  general  and  takes  place  smoothly  not  only  with  amides  of 
sulfonic  acids,  but  also  with  amides  of  carboxylic  acids  [3]  and  even  with  aromatic  amines  [4].  Moreovfcr,  instead 
of  phosphorus  pentachloride  its  derivatives,  in  which  one  or  more  chlorine  atoms  are  replaced  by  hydrocarbon  radicals 
[5]  or  aroxy  groups  [6],  may  be  used  as  the  phosphorus -containing  component. 

To  extend  the  limits  of  application  of  the  phosphazo  reaction  we  investigated  the  reaction  of  esters  of  car- 
bamic  acid  with  phenyl  phosphorus  tetrachloride.  On  the  basis  of  the  general  character  of  the  phosphazo  reaction  it 
could  be  assumed  that  phenyl  phosphexus  tetrachloride  would  react  with  ethyl  urethan  in  the  same  way  as  with  phos¬ 
phorus  pentachloride,  i.e.,  with  liberation  of  2  moles  of  hydrogen  chloride  and  formation  of  the  ethyl  ester  of  phenyl 
d ichlor ophospha  zoca  rbon i c  acid . 

(;2ii;.ocoMi2  I  (:ciif,i’<;ij  ..  2ii(;i  |  (:2ii50C0N=i’((:eii-)(;i2  (l) 

An  experimental  investigation  of  tlie  reaction  showed  that  it  can  take  place  in  two  directions.  If  the  reaction 
is  carried  out  under  vacuum  so  that  the  hydrogen  chloride  formed  is  removed  immediately  from  the  reaction  mixture, 
the  process  takes  place  according  to  the  above-mentioned  general  system  of  the  phosphazo  reaction  (I).  As  in  the 
case  of  the  reaction  with  phosphorus  pentachloride,  the  reaction  is  endothermic. 

Hov  ever,  if  the  reaction  of  phenyl  phosphorus  tetrachloride  with  urethan  is  carried  out  at  atmospheric  pressure, 
it  takes  place  with  liberation  of  heat  and  alkyl  halide,  less  than  one  mole  of  hydrogen  chloride  being  formed.  The 
main  reaction  product  is  the  diacyl  chloride  of  phenyl  phosphinic  acid,  alkyl  halide  and  difficultly  crystallizable  sub¬ 
stances,  similar  in  nitrogen  content  to  alkyl  cyanates.  Therefore  in  the  presence  of  hydrogen  chloride  the  reaction 
does  not  stop  at  the  formation  of  the  phosphazo  compound,  but  proceeds  further,  in  accordance  with  the  usual  system 
of  thermal  decomposition  of  carbacylphosphazo  compounds  [3]: 

(;2ll:,Ot;OMl2  I- ('6ll5l’Cl4  C.,IIsOCON=P(C6nr,)Cl2  — >  /jjx 

->  (C2II5OCNK  hC6H5nOCl2 

The  formation  of  alkyl  halides  is  probably  explained  by  the  hydroha logenolysis  of  either  the  alkyl  cyanates  or 
the  intermediate  reaction  products. 

Esters  of  phenyl  dichlorophosphazocarbonic  acid  are  mobile  colorless  liquids  with  a  pungent  odor.  As  regards 
their  chemical  properties,  they  differ  from  esters  of  triehlorophosphazoearbonic  acid  by  their  considerably  greater 
basicity. 

At  room  temperature,  esters  of  trichlOTophosphazocarbonic  acid  dissolve  hydrogen  chloride  [7],  but  this  is  not 
accompanied  by  appreciable  liberation  of  heat.  When  a  solution  of  hydrogen  chloride  in  esters  of  trichlcxophosphazo- 
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carbonic  acid  is  heated,  the  laner  decompose  almost  quantitatively  according  to  the  same  system  [7]  as  in  the  ab¬ 
sence  of  hydrogen  chloride  [1]; 


AlkO(;ON=rCl-,  —  AlkCH- OCNF’OCI..  (Ill) 

Esters  of  phenyl  dichlorophosphazocarbonic  acid  absorb  hydrogen  chloride  with  liberation  of  heat.  In  the  pres¬ 
ence  of  hydrogen  chloride,  esters  of  phenyl  dichlorophosphazocarbonic  acid  decompose  even  at  20*  in  like  manner  to 
thermal  decomposition  of  trichlorophosphazocarbacyl  compounds. 

(;2H/)(:oN=r{Ceii5)ci.,  — ►  CjHsOcn  +  c„ii6POci2  (iv) 

The  actual  reaction  products  are  the  diacyl  chloride  of  phenyl  phosphinic  acid  and  the  products  of  further  con¬ 
versions  of  ethyl  cyanate  (ethyl  chloride,  cyanuric  acid  and  ethyl  cyanurate). 

When  esters  of  phenyl  dichlorophosphazocarbonic  acid  are  heated  (75-85*)  in  the  absence  of  hydrogen  chloride 
the  reaction  takes  place  mainly  in  a  similar  way  to  (Ill),  i.e.,  with  formation  of  ethyl  chloride  and  the  acyl  chloride 
of  isocyanophenyl  phosphinic  acid. 

C2ii..ot:oN=r{c:0ii.oci2  —  0211501  + OCNPOiCgiyci  (V) 

The  increased  basicity  of  the  ethyl  ester  of  phenyl  dichlorophosphazocarbonic  acid  is  explained  by  the  reaction 
of  IT  -electrons  of  the  phenyl  ring  with  the  conjugated  system  of  the  phosphazocarbonyl  group,  which  increases  the 
negative  charge  of  the  carbonyl  oxygen,  i.e.,  increases  its  tendency  to  add  a  proton. 


Cl 


0~L  I  rn 

‘-P=N-C  =  - 


OAIV 


Evidently,  decomposition  according  to  system  (IV)  precedes  the  addition  of  a  proton  to  the  molecule  of  the 
ethyl  ester  of  phenyl  dichlorophosphazocarbonic  acid,  because  decomposition,  in  the  absence  of  hydrogen  chloride, 
takes  place  mainly  according  to  system  (V);  however,  at  present  there  are  insufficient  data  for  a  detailed  discussion 
of  the  mechanism  either  the  (IV)  01  (V)  type  of  decomposition. 

When  the  methyl  and  ethyl  esters  of  phenyl  dichlorophosphazocarbonic  acid  are  obtained  by  system  (I),  2  moles 
of  hydrogen  chloride  are  formed.  Even  when  the  reaction  is  carried  out  in  vacuo  under  conditions  which  ensure  very 
rapid  and  complete  removal  of  hydrogen  chloride,  the  latter  still  reacts  to  some  extent  with  the  esters  of  phenyl  di¬ 
chlorophosphazocarbonic  acid,  which  leads  to  splitting  of  these  esters  according  to  system  (IV).  Therefore  the  re¬ 
action  products  are  80-90%  mixturesof  esters  of  piienyl  dichlorophosphazocarbonic  acid  and  10-20%  of  the  products  of 
their  decomposition  according  to  system  (IV).  When  these  mixtures  are  heated  to  75-85°  they  are  converted  to  an 
80-90%  mixture  of  the  acyl  chloride  of  isocyanophenyl  phosphinic  acid  and  the  conversion  products  of  ethyl  cyanate. 
Therefore,  because  the  boiling  points  of  the  isocyanate  and  the  acyl  chloride  of  phenyl  phosphinic  acid  are  very  close, 
the  acyl  chloride  of  isocyanophenyl  phosphinic  acid  can  only  be  isolated  in  the  pure  form  by  vacuum  distillation  with 
a  low  yield  (~  25%). 

The  acyl  chloride  of  isocyanophenyl  phosphinic  acid  is  a  colorless  liquid  with  an  unpleasant,  pungent  odor, 
which  distills  under  vacuum  without  decomposition  and  is  readily  soluble  in  ether  and  benzene.  The  acyl  chloride 
is  unchanged  in  the  presence  of  hydrogen  chloride;  it  reacts  vigorously  with  water,  alcohols  and  amines.  It  is  readily 
hydrolyzed  by  atmospheric  moisture  and,  therefore,  all  operations  must  be  carried  out  in  a  dry  atmosphere. 

The  reaction  mixture  obtained  by  thermal  decomposition  of  the  methyl  ester  of  phenyl  dichlorophosphazo¬ 
carbonic  acid,  containing  about  80%  of  the  acyl  chloride  of  isocyanophenyl  phosphinic  acid,  may  be  used  for  ob¬ 
taining  certain  derivatives  of  the  latter  because  this  reacts  with  substances  containing  active  hydrogen  atoms,  fw 
example  aromatic  amines,  far  more  rapidly  than  the  impurities  (including  the  diacyl  chloride  of  phenyl  phosphinic 
acid).  During  this  process,  substances  with  markedly  different  physical  properties  from  the  impurities  are  formed,  and 
may  therefore  readily  be  isolated  in  the  pure  state.  Thus,  for  example,  when  80%  of  the  theoretical  amount  of  amine 
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is  added  to  die  "crude"  acyl  chloride  of  isocyanophenyl  phosphinic  acid  in  ether  solution,  more  than  96^o  (calculated 
on  the  aniline)  of  completely  pure  N -phenyl  chlorophosphinyl-N’ -phenyl  urea  is  precipitated. 

C6M..,Nii2  r,!ijNiic0Nni'0((:,M6)Cu 

But  if  OO^o  of  aniline  is  added,  the  product  obtained  is  contaminated.  This  proves  that  the  "crude"  acyl  chloride 
of  isocyanophenyl  phosphinic  acid  contains  not  less  than  8(f}o  of  the  pure  substance  and  that  the  chlorine  atom  in  N- 
phenyl  chlorophosphinyl-N' -phenyl  urea  reacts  with  aromatic  amines  far  more  slowly  than  the  isocyanate  group. 

EXPERIMENTA  L 

Esters  of  phenyl  dichlcffophosphazocarbonic  acid.  0.1  g-mole  of  phenyl  phosphorus  tetrachloride  and  0.1  g- 
mole  of  methyl  urethan  were  placed  in  a  round -bottomed  flask  connected  in  series  with  two  hydrogen  chloride  traps 
and  the  last  trap  was  immediately  connected  to  a  rapidly  acting  water -jet  vacuum  pump.  The  reaction  soon  com¬ 
menced,  a  large  amount  of  hydrogen  chloride  was  liberated,  the  mixture  was  cooled  and  it  gradually  liquefied.  To 
accelerate  tlic  reaction,  the  flask  was  placed  in  a  bath  heated  to  20-30°.  The  reaction  was  completed  in’ 20 -30 
minutes.  The  yield  of  hydrogen  chloride  was  the  yield  of  the  crude  methyl  ester  of  phenyl  dichlorophosphazo- 
carbonic  acid  was  theoretical. 

Found  *70:  Cl  28.5O.C8H8O2NPCI2.  Calculated %:C1  28.  13. 

In  spite  of  the  quantitative  yield  and  the  satisfactory  results  of  the  analysis  for  chlorine,  the  reaction  product 
contained  a  small  amount  of  ether -insoluble  impurities;  when  the  substance  was  treated  with  anhydrous  ether,  these 
were  deposited  in  the  form  of  a  flocculent  precipitate. 

The  ethyl  ester  of  phenyl  dichlorophosphazocarbonic  acid  was  obtained  in  a  similar  way.  In  this  case  about 
S(fJo  of  the  hydrogen  chloride  was  liberated. 

Thermal  decomposition  of  the  methyl  ester  of  phenyl  dichlorophosphazocarbonic  acid.  The  flask  containing  the 
reaction  mixture  obtained  by  the  reaction  of  phenyl  phosphorustetra chloride  with  methyl  urethan  was  connected  to  a 
trap  (cooled  to  -80°)  and  the  latter  was  connected  to  a  water-jet  vacuum  pump.  The  contents  of  the  flask  were  heat¬ 
ed  rapidly  to  70°  and  the  temperature  was  then  raised  slowly  to 80-85°  (^l”  per  minute)  with  constant  stirring.  Very 
intense  liberation  of  methyl  chloride  took  place  at  this  temperature.  When  the  contents  were  heated  rapidly,  de¬ 
composition  took  place  with  explosive  violence.  When  vigorous  liberation  of  methyl  chloride  had  ceased,  the  mix¬ 
ture  was  heated  to  100°  and  it  was  kept  at  tliis  temperature  for  15-20  minutes.  The  yield  was  100-103^o,  calculated 
on  the  acyl  chloride  of  isocyanophenyl  phosphinic  acid.  For  partial  removal  of  the  impurities,  the  reaction  mixture 
was  dissolved  in  100-120  ml  of  anhydrous  ether  and  tlie  solution  was  left  overnight.  The  precipitate  which  came  out 
was  filtered  and  the  solvent  was  distilled  from  the  filtrate  under  vacuum.  The  liquid  residue  -the  "crude"  acyl 
chloride  of  isocyanophenyl  phosphinic  acid,  containing  ~80‘7o  of  the  latter  -  was  contaminated  by  products  of  the 
decomposition  of  the  methyl  ester  of  phenyl  dichlorophosphazocarbonic  acid  according  to  system  (IV).  To  obtain 
the  pure  acyl  chloride  of  isocyanophenyl  phosphinic  acid,  the  "crude"  product  was  distilled  under  vacuum  in  an  ef¬ 
ficient  column  with  complete  reflux  fractionation.  The  last  fraction,  which  distilled  at  110-110.5°  (3  mm),  was  the 
pure  acyl  chloride  of  isocyanophenyl  phospliinic  acid.  The  yield  was  ~  25^o. 

d4®  1.3761,  np  1.5525,  MR^  46.82,  calc.  46.43. 

Found ‘Vo:  Cl  17.92,  17.98;  N  6.86,  6.92.  CtHsC'VjNPCI.  Calculated ‘7o:  Cl  17.59;  N  6.95. 

N -Phenyl  chlorophosphinyl-N' -phenyl  urea.  A)  From  the  pure  acyl  chloride  of  isocyanophenyl  phosphinic 
acid.  A  solution  of  0.015  g-mole  of  aniline  in  10  ml  of  ether  was  added  slowly  with  cooling  by  ice  water  to  a  so¬ 
lution  of  0.015  ml  of  tlie  acyl  chloride  of  isocyanophenyl  phosphinic  acid  in  10  ml  of  absolute  ether.  A  colorless 
crystalline  precipitate  was  formed.  After  2  hours  the  precipitate  was  filtered  at  the  pump;  it  was  then  washed  with 
absolute  ether  and  dried  under  vacuum  over  P2O5.  The  yield  was  95^o,  the  m.p.  was  129-130°.  Crystallization  from 
ethyl  acetate  or  dichloroethane  did  not  increase  the  melting  point. 

Found  *70;  Cl  11.47,  11.62;  N  9.48,  9.50.  Equiv.  after  hydrolysis  1.97,1.99;  C13H12O2N2  PCI. 

Calculated Cl  12.05,  N  9.51 .  Equiv.  2.00. 

B)  From  the  "crude"  acyl  chloride  of  isocyanophenyl  phosphinic  acid.  The  synthesis  was  carried  out  in  the 
same  way,  but  the  amount  of  aniline  taken  was  20‘7f  less  than  the  theoretical.  The  yield  was  96®7o,  calculated  on  the 
aniline.  The  reaction  product  was  in  no  way  different  from  the  compound  obtained  from  the  pure  acyl  chloride  of 
isocyanophenyl  phosphinic  acid. 
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Reaction  of  the  ethyl  ester  of  phenyl  dichlorophosphazocarbonic  acid.  0.1  g-mole  of  the  ethyl  ester  of  phenyl 
dichlorophosphazocarbonic  acid  was  placed  in  a  three -necked  reaction  flask  equipped  with  a  thermometer,  a  gas 
inlet  pipe  reaching  to  the  bottom  and  a  gas  outlet  pipe  connected  to  a  cold  trap  (-80°),  and  a  current  of  dry  hydrogen 
chloride  was  slowly  passed.  After  5-7  minutes  the  temperature  of  the  contents  of  the  reaction  flask  had  risen  to  45- 
50°  (temperature  of  the  surrounding  air  20°)  and  vigorous  liberation  of  gas  bubbles  throughout  the  whole  reaction  mix¬ 
ture  commenced.  After  30  minutes  the  reaction  mixture  was  heated  to  50°  (without  stopping  the  current  of  hydrogen 
chloride)  and  it  was  kept  at  this  temperature  for  2.5  hours.  The  yield  of  ethyl  chloride  was  64*70,  the  b.p.  was  12°. 

The  yield  of  the  liquid  reaction  product  was  24.3  g.  Tliis  product  did  not  contain  the  acyl  chloride  of  isocy  a  nophenyl 
phospliinic  acid  because  we  did  not  succeed  in  obtaining  N -phenyl  chlorophosphinyl-N’ -phenyl  urea  by  the  action  of 
aniline.  After  treatment  of  the  liquid  product  with  excess  aniline,  57*7®  of  the  dianilide  of  phenyl  phosphlnlc  acid 
was  obtained;  the  m.p.  was  209-210°.  It  was  identified  by  a  mixed  melt. 

Reaction  of  ethyl  urethan  with  phenylphosphorus  tetrachloride  at  atmospheric  pressure.  0.05  g-mole  of  phenyl - 
phosphorus  tetrachloride  and  0.05  g  mole  of  ethyl  urethan  were  placed  in  a  flask  connected  to  two  traps,  in  series. 

The  trap  intended  for  retaining  ethyl  chloride  was  cooled  to  -80°,  the  other  was  filled  with  a  solution  of  caustic  soda 
to  absorb  hydrogen  chloride.  The  flask  was  placed  in  a  bath,  heated  to  25°.  In  20  minutes  the  reaction  mixture  had 
liquefied  and  its  temperature  had  risen  to  35°.  After  the  temperature  of  the  reaction  mixture  had  ceased  to  rise,  the 
bath  was  heated  to  100°  and  the  reaction  mixture  was  kept  at  this  temperature  for  10-15  minutes.  By  this  time,  libera¬ 
tion  of  gas  had  completely  ceased.  The  yield  of  ethyl  chloride  was  84*70,  the  yield  of  hydrogen  chloride  was  0.0298 
g-mole.  The  yield  of  the  liquid  reaction  product  was  11.3  g.  The  product  did  not  contain  the  acyl  chloride  of  iso- 
cyanophenyl  phosphinic  acid.  After  treatment  with  excess  aniline,  65*7o  of  the  dianilide  of  phenyl  phosphinic  acid 
was  obtained;  the  m.p.  was  209-210°.  It  was  identified  by  a  mixed  melt. 

SUMMA  RY 

1.  When  phenyl  phosphorus  tetrachloride  reacts  with  urethan,  esters  of  phenyl  dichlorophosphazocarbonic  acid 
are  formed. 

2.  When  esters  of  phenyl  dichlorophosphazocarbonic  acid  are  subjected  to  thermal  dissociation  in  the  absence 
of  hydrogen  chloride  they  decompose  into  alkyl  halides  and  the  acyl  chloride  of  isocyanophenyl  phosphinic  acid, 
whereas  in  the  presence  of  hydrogen  chloride  they  give  the  diacyl  chloride  of  phenyl  phosphinic  acid  and  alkyl  cyanates, 
which  undergo  further  conversion. 

3.  When  aromatic  amines  react  with  the  diacyl  chloride  of  isocyanophenyl  phosphinic  acid,  the  isocyano  group 
reacts  primarily,  and  N-aryl  chlorophosphinyl-N* -phenyl  ureas  are  formed. 

LITERATURE  CITED 

1.  A.  V.  Kirsanov,  ZhOKh,  24.  1033  (1954). 

2.  A.  V.  Kirsanov,  ZhOKh,  22,  269  (1952). 

3.  A.  V.  Kirsanov  and  R.  G.  Makitra,  ZhOKh.  26.  907  (1956). 

4.  I.  N.  Zhmurova  and  A.  V.  Kirsanov,  ZhOKh,  4048  (1960). 

5.  V.  I,  Shevchenko  and  Zh.  V.  Merkulova,  ZhOKh,  1005  (1959);  V.  I.  Shevchenko,  V.  T.  Stratienko,  and 
A.  M.  Pinchuk,  ZhOKh,  30,  1566  (1960). 

6.  I.  N  Zhmurova  and  A.  V.  Kirsanov,  ZhOKh,  1687  (1959). 

7.  A.  V.  Kirsanov  and  M.  S.  Marenets,  ZhOKh,  2256  (1959). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by>letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odica!  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to> 
cover  English  translations  appears  at  the  back  of  this  issue. 


2857 
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The  reaction  of  aniline  with  acetaldehyde  is  known  to  form  two  products  with  the  composition  CjeHigNj,  to  which 
Eibner  [1]  assigned  the  formulas  of  stereoisomeric  1,3 -dianilino-1 -butenes  (I). 

As  one  of  us  showed  [2],  the  first  of  them,  "Eckstein’s  base"  (m.p.  126“  "trans-l,3-dianilino-l-butene"),  was  2- 
methyl-4-anilino-l,2,3,4-teirahydroquinoline  (II). 


NUCflllj 


(’ll3CHCM=CHNHC6ll6 

C.K.HN  I  I  I 

(1)  (H) 

cii.,cii(;ii2CH=NC8H6 

I 

CoUjNll 

(III) 


As  regards  the  second  isomer  of  "Eibner's  base"  (m.p.  85-86“,  "cis-l,3-dianilino-l -butene").  Miller  and  Plbchl 
[3]  proposed  for  it  the  formula  of  the  anil  of  6 -anilinobutyraldehyde  (III). 


As  we  established,  the  substance  with  m.p.  85-86"  reacts  with  methylmagnesium  iodide  to  liberate  2  equiv.  of 
hydrogen;  consequently,  it  contains  two  secondary  amino  groups,  as  was  considered  by  Eibner,  and  therefore,  formula 

(in)  is  incorrect.  However,  the  substance  could  not  be  hydrogenated 
cata lyrically  in  the  presence  of  platinum,  indicating  that  it  does  not  con¬ 
tain  an  ethylenic  bond.  Consequently,  Eibner’s  formula  (1)  is  also  incorrect. 

The  third  and  only  possibility  is  that  "Eibner's  base*  is  a  tetrahydro- 
quinoline  derivative  like  "Eckstein's  base." 

These  compounds  are  evidently  cis-  and  trans -isomers  with  respect 
to  the  plane  of  the  hydrogenated  ring;  however,  additional  investigations 
are  required  to  determine  the  structure  of  each  of  them. 

Other  facts  indicate  that  "Eibner’s  base"  has  a  tetrahydroquinoline 
structure. 

Thus,  2,6-dimethylaniline,  in  which  both  ortho -positions  are  occupied, 
does  not  give  a  bimolecular  product,  while  2,4-dimethylaniline,  which  has 
one  ortho -position  free,  gives  one. 


Ultraviolet  absorption  spectra  of  a- 
and  0 -isomers.  1)  a-lsomer;  2)  0- 
isomer. 


The  ultraviolet  spectra  of  "Eckstein's  and  Eibner’s  bases"  are  iden¬ 
tical  (figure). 

"Eibner’s  base"  is  very  readily  converted  into  quinaldine  with  the 
elimination  of  hydrogen  and  aniline. 
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Eibncr  reported  that  the  substance  with  ni.p.  85-86°  may  be  converted  into  its  stereoisomer  with  m.p.  126°.  He 
effected  this  partial  conversion  by  heating  the  substance  above  100°  in  the  presence  of  iodine  or  hydrochloric  acid. 

In  parallel  there  was  also  decomposition  to  quinaldine,  aniline,  and  hydrogen. 

We  found  that  "Eibner’s  base"  may  be  converted  into  "Eckstein’s  base"  without  a  catalyst  in  better  yield  by 
simple  boiling  in  alcohol  on  a  water  bath.  The  reverse  conversion  did  not  occur. 

Since  it  is  not  possible  as  yet  to  assign  these  compounds  to  the  cis-  and  trans -scries,  we  will  subsequently  refer 
to  the  substance  with  m.p.  126°  as  a-  and  that  witli  m.p.  85-86°  as  6-2-methyl-4-anilino-l,2,3,4-tetrahydro- 
quinoline. 

EXPERIMENTAL 

5  -2-Methyl-4-anilino-l,2,3,4-tetrahydroqiiinoline.  An  18.60  g  sample  of  distilled  aniline  was  dissolved  in  a 
mixture  of  300  ml  of  alcohol  and  200  ml  of  water.  To  the  mixture  was  added  11.60  ml  of  acetaldehyde.  The  reac¬ 
tion  mixture  was  left  overnight.  The  reaction  yielded  22.40  g  (94‘V<')  of  a  colorless  precipitate  with  m.p.  78°. 

The  mixture  of  bases  was  dissolved  in  a  10-fold  amount  of  alcohol  at  60°.  Cooling  the  solution  yielded  a 
colorless  crystalline  precipitate  with  m.p.  119°  (5.28  g,  23.7^/o),  which,  after  recrystallization,  had  m.p.  126°  (4.42  g, 
lO.TVo). 

The  mother  solution  after  isolation  of  the  base  with  m.p.  126°,  was  evaporated  to  l/4  of  its  voliuiie  and  cooled 
to  give  a  colorless  precipitate  with  m.p.  82°  (15.62  g,  The  precipitate  was  rccrystallized  from  Ugroin.  rhe 

colorless  acicular  crystals  had  m.p.  85-86°  (0.4  g,  42.0^'’). 

Number  of  active  hydrogen  atoms  found:  1.95,  1.92.  Cif,ni8N2. 

Conversion  of  0 -isomer  into  ct-isomer.  A  10.0  g  sample  of  the  base  with  m.p.  85-86°  (0 -isomer)  was  dis¬ 
solved  in  250  ml  of  alcohol  and  the  solution  boiled  on  a  water  bath  for  5  lir.  After  distillation  of  more  than  2/3 
of  the  alcohol,  the  mixture  was  cooled.  There  precipitated  colorless  crystals  with  m.p.  122°,  which,  after  recrystalliza¬ 
tion  from  alcohol,  had  m.p.  126°  and  did  not  depress  the  melting  point  of  the  a-isomer  obtained  above.  The  weight 
of  the  precipitate  was  0.92  g. 

The  alcohol  remaining  in  the  mother  solution  was  removed  completely  and  after  solution  in  ligroin,  the  residue 
gave  a  further  0.70  g  of  the  a-isomer. 

Decomposition  of  the  6 -isomer  by  the  action  of  acetic  anhydride.  To  11.9  g  of  the  0  -isomer  of  the  base  was 
added  32  ml  of  acetic  anhydride.  The  mixture  was  left  for  about  an  hour  until  the  starting  material  dissolved  com¬ 
pletely  and  then  the  unreacted  acetic  anhydride  was  removed  by  distillation.  The  residue  was  vacuum  distilled.  Two 
fractions  were  obtained  at  12  mm:  the  1st  had  b.p.  85-90°  and  reacted  with  picric  acid  to  give  quinaldine  picrate 
with  m.p.  193°,  which  did  not  depress  the  melting  point  of  an  authentic  sample. 

The  2nd  fraction,  which  solidified  rapidly,  had  b.p.  90-130°  and  was  recrystallized  from  toluene.  The  color 
'  less  scaly  crystals  had  m.p.  114°  after  a  second  purification  and  did  not  depress  the  melting  point  of  acetanilide. 

Reaction  of  2,6 -dime thy laniline  with  acetaldehyde.  A  5.1  g  sample  of  2,6-dimethylaniline  was  mixed  witli 
2.3  ml  of  acetaldehyde.  The  liquid  evolved  heat  strongly  and  became  milk  white.  After  it  had  stood  for  a  short 
time,  water  (0.8  g)  separated. 

The  oil  was  dissolved  in  ether  and  dried  over  sodium  sulfate. 

After  removal  of  the  ether,  the  liquid  was  heated  on  an  oil  bath.  The  starting  arylamine  distilled  at  210-211°. 
trhe  residue  in  the  flask  was  treated  with  40  ml  of  20^o  sulfuric  acid.  The  brown  solution  had  tlie  odor  of  croton- 
aldehyde.  The  mixture  was  steam  distilled.  The  crotonaldehyde  was  extracted  from  the  distillate  with  ether,  dried 
Over  calcium  chloride,  the  ether  removed,  and  the  product  distilled  at  100-105°.  The  weight  was  0.45  g  and  the  p- 
qitrophenylhydrazone  had  m.p.  184-185°. 

The  residue  in  the  flask  after  steam  distillation  was  made  alkaline  and  steam  distilled  again.  Extraction, 
drying,  removal  of  the  ether,  and  distillation  of  the  oil  yielded  1.85  g  of  2,6-dimethylaniline. 

SUMMARY 

"Eibner’s  base"  is  one  of  the  stereoisomers  of  2-methyl-4-anilino-l,2,3,4-tetrahydroquinoline. 
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The  phenomenon  of  solvatochromism,  i.e.,  a  change  in  the  color  of  a  dye  with  a  change  from  one  neutral 
solvent  to  another,  is  known  to  be  characteristic  of  so-called  intraionoid  dyes,  whose  molecules  may  be  represented 
both  in  a  nonpolar  form  and  in  the  form  of  a  bipolar  ion.  The  solvatochromism  of  these  dyes  is  explained  by  the  dif¬ 
ferent  degree  of  polarization  of  their  molecules,  depending  on  the  polarizing  power  of  the  solvent  [1-3].  The  color 
of  saltlike  dyes,  basic  or  acidic,  normally  depends  little  on  the  solvent. 

However,  we  observed  peculiar  solvatochromism  in  a  new  group  of  saltlike  polymethyne  dyes,  which  are  deriva¬ 
tives  of  tetrahydroheptathiazine,  dihydrobenzoheptathiazine,  and  dihydrobenzoheptadiazine,  containing  hydrogen 
atoms  and  not  hydrocarbon  radicals  at  the  nitrogen  atoms  [4-6]. 

These  dyes  have  one  absorption  maximum  in  some  solvents  and  a  different  maximum  in  other  organic  solvents 
with  the  value  of  these  maxima  practically  independent  of  the  dielectric  constants  of  the  solvents.  As  an  example, 
in  Table  1  we  give  the  absorption  maxima  of  two  dyes  we  synthesized,  (I)  and  (II). 


CH2-S-C(CH3)2  (CIl3)2C-S-Cfl2 

^CH2  ii2C<^  I 


(:ii,_N=(:— ch=c;m— cii=c— N— cii, 


Br- 


(1) 


/S — (.(€113)2  (UMsjoG — S 

CII2  lljC 

n=c^ch=(:m— (:n=(:^^^^ 

'  N 

M  . 


Br- 


(II) 


The  data  in  Table  1  show  that  the  absorption  maxima  of  the  dyes  (I)  and  (II)  in  the  solvents  1-9  are  almost 
the  same  [with  the  exception  of  dye  (I)  in  ethyl  oxalate],  despite  the  difference  in  their  polarities  and  chemical 
natures. 

A  common  characteristic  of  all  these  solvents  is  their  power  to  form  hydro jen  bonds  with  the  solute.  On  the 
other  hand,  in  solvents  12-14,  which  are  incapable  of  forming  hydrogen  bonds,  th«  maxima  of  the  same  dyes  lie  ap¬ 
proximately  50  mji  further  into  the  long -wave  region  of  the  spectrum. 

Ethyl  oxalate,  tetrahydrofuran,  and  dioxane  are  exceptions  to  this  rule.  Two  absorption  maxima  are  observed 
for  dye  (I)  in  these  solvents.  The  short-wave  maximum  corresponds  to  the  solvated  state,  like  that  which  was  ob¬ 
served  in  the  other  oxygen -containing  solvents.  However,  its  wavelength  was  slightly  displaced  into  the  long-wave 
region. 

A  similar  displacement  of  the  absorption  maximum  was  also  observed  for  the  dye  (II)  in  tetrahydrofuran  and 
in  dioxane.  The  long -wave  absorption  maximum  for  dye  (I)  corresponded  to  the  unsolvated  molecule. 


2861 


TABLE  1 


d 

Solvent 

Dyed) 

Dye  (II) 

c 

d. 

X 

cu 

^max 

(in  mfi) 

» • 10-* 

^ITIHX 

(in  mfi) 

t  •  10-* 

1 

Water 

440 

10.25 

2 

Methanol 

448 

8.68 

499 

10.72 

3 

Acetic  acid 

440 

4.02 

495 

8.35 

4 

Acetone 

446 

8.68 

498 

8.40 

5 

Formamide 

445 

8.50 

499 

6.70 

6 

Nitromethane 

443 

5.69 

494 

3.50 

7 

0 ,0  '-Dichloroethyl 
ether 

445 

4.75 

500 

2.67 

8 

Acetone 

442 

10.62 

500 

1.67 

•9 

^thyl  oxalate 

46.'».  490 

2.22.1.42 

500 

6.62 

10 

Tetrahydrofuran 

47  ).  498 

1.74.  1.87 

517 

2.55 

11 

Dioxane 

473.  498 

— 

535 

2.67 

12 

Chloroform 

500 

612 

550 

4.37 

13 

Chlorobenzene 

500 

5.87 

553 

2.42 

14 

Benzene 

499 

3.  .37 

554 

1.34 

Figure  1  gives  absorption  curves  for  dye  (I)  in  some  solvents.  As  the  figure  shows,  the  same  dye  behaves  in 
different  solvents  as  two  individual  substances  with  different  maxima  and  forms  of  absorption  curve.  The  form  of  the 

curve  in  acetone  differs  somewhat.  In  addition  to  the  main  ab¬ 
sorption  maximum,  two  inflections  in  the  region  of  465  and 
495  mfi  are  observed  in  this  case.  An  analogous  picture  is  ob¬ 
tained  in  methyl  ethyl  ketone.  An  analogous  picture  is  also 
observed  for  dye  (II)  (Fig.  2).  The  absorption  maxima  in  sol¬ 
vents  forming  a  complex  with  the  dye  through  a  hydrogen  bond 
lie  approximately  50  mfi  closer  to  the  short-wave  region  in 
comparison  with  the  absorption  maxima  of  dye  (II)  in  solvents 
which  do  not  form  a  hydrogen  bond.  In  tetrahydrofuran,  the  ab¬ 
sorption  maximum  of  the  dye  (II)  -solvent  complex  is  dis¬ 
placed  toward  shorter  wavelengths  by  33  mfx  (curve  4). 

The  heights  of  the  absorption  maxima  (values  of  e  •  10"^ 
for  dyes  (I)  and  (II)  in  acetic  acid  and  acetonitrile  are  note¬ 
worthy.  Dye  (I)  has  a  value  of  4.02  for  e  •  10"'*  at  the  absorp¬ 
tion  maximum  in  acetic  acid  and  10.62  in  acetonitrile.  On 
the  other  hand,  dye  (II)  has  8.35  for  e  •  10"*  in  acetic  acid 
and  1.67  in  acetonitrile.  These  interesting  facts  have  not  been 
explained  satisfactorily  as  yet. 


We  obtained  interesting  data  on  studying  the  absorption 
curves  of  dye  (I)  in  a  mixture  of  methanol  and  chlcwoform.  As 
Fig.  3  shows,  the  addition  of  of  alcohol  to  a  chloroform 
solution  of  the  dye  first  produced  an  inflection  on  the  absorp¬ 
tion  curve  (curve  2)  and  with  an  increase  in  the  alcohol  con¬ 
centration,  there  appeared  a  second  maximum  in  the  region 
of  448  m/i  and  there  was  a  change  in  the  absorption  intensity: 
it  decreased  in  the  long -wave  region  and  increased  in  the  region 
where  an  alcohol  solution  shows  intense  absorption.  With  an 
alcohol  concentration  of  20^o,  the  absorption  maximum  characteristic  of  a  chloroform  solution  disappeared  and  there 
remained  only  an  inflection  on  the  curve  in  this  region.  The  presence  of  an  isosbestic  point  for  all  absMption  curves 
(apart  from  the  curve  for  pure  methanol)  indicates  that  in  chloroform  and  in  alcohol  the  dye  is  present  in  two  definite 
individual  forms:  one  is  the  dye  unassociated  with  solvent  and  the  other  is  the  dye  associated  with  a  definite  num¬ 
ber  of  alcohol  molecules  (apparently  two  alcohol  molecules  as  the  two  NH  groups,  which  are  capable  of  forming 


Fig.  1.  Absorption  spectra  of  solutions  of  carbo- 
cyanine  (I).  1)  In  chloroform;  2)  in  chloro¬ 
benzene;  3)  in  benzene;  4)  in  acetic  acid;  5)  in 
6,6’-dichloroethyl  ether;  6)  In  nitromethane; 

7)  in  methanol;  8)  in  acetone;  9)  in  acetonitrile. 
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hydrogen  bonds,  are  equivalent).  The  dye  (III),  which  is  the  closest  homolog  of  the  dye  (I),  was  found  to  be  more 
sensitive  to  a  change  of  the  concentration  of  alcohol  in  chloroform. 

(;n3-(:iI-S-C(C;i|.,)2  (CUsl^C-S-CIl-ClIa 

I  I 

cn2-N=c— cn=r.f:n_cn=(:-N— CHj 

I  I 

II  CIO;;-  II 

(HI) 

In  this  case  the  presence  of  even  0.4^o  of  alcohol  in  a  chloroform  solution  of  the  dye  produc  ed  an  appreciable 
inflection  on  the  absorption  curve  (Fig.  4).  In  a  \^o  solution  of  alcohol  in  chloroform  there  appeared  two  absorption 
maxima  of  approximately  the  same  intensities  and  at  the  same  wavelengths  as  those  observed  for  solutions  of  the 
dye  (III)  in  pure  alcohol  and  in  pure  chloroform  (curve  3).  With  an  increase  in  the  concentration  of  alcohol  in  chloro¬ 
form,  the  intensity  of  the  long-wave  maximum  decreased  and  even  at  20^o  alcohol,  only  an  inflection  remained  (cur¬ 
ve  5).  The  presence  of  a  clear  isosbestic  point  in  this  case  demonstrates  the  existence  of  an  equilibrium  of  two  defi¬ 
nite  individual  forms  of  the  dye  In  the  solutions  Investigated. 


A  rn^ 

Fig.  5.  Absorption  spectra  of  solutions  of  the  carbocyanine  (II) 
In  mixtures  of  methanol  and  chloroform  (by  volume).  1)  In 
10(y7o  chloroform;  2)  O.S^o  methanol;  3)  in  l^o  methanol;  4)  in 
2^  methanol;  5)  in  3^o  methanol;  6)  in  methanol;  7)  in  10®/o 
methanol;  8)  in  2(flo  methanol;  9)  in  40^o  methanol;  10)  in  lOO^o 
methanol. 


We  obtained  analogous  absorption  curves  on  measuring  the  spectra  of  the  dye  (I)  in  a  mixture  of  chloroform  + 
+  acetic  acid.  The  color  of  a  chloroform  solution  of  the  dye  was  found  to  be  less  sensitive  to  acetic  acid.  An  in¬ 
flection  appeared  on  the  absorption  curve  at  lO^o  of  acetic  acid  in  chloroform,  while  the  second  maximum,  which  is 
characteristic  of  a  solution  in  acetic  acid,  was  formed  only  in  a  solution  containing  60^o  of  the  acid  in  chloroform. 
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TABLE  2 


Sub¬ 

stance 

no. 


<IV) 


(V) 


(VI) 


Dye 


'■ '  \,ii. 


.....  II, (/  I  1 

\  ^N=C-CH=CH-r.H=r - 

I  Hr-  I 

H 


Liter¬ 

ature 


''max 


(in 


alco¬ 

hol 


^C-C=CH-C--.C'^ 


I 


H 


I 

CH, 


I 

NH 

I 

CO 


I  \ 
NH 


cu 

I 

C,H, 


CH, 

cio.- 


^”*~r  I  .'C-N=N-N=c: 


I 

H 


ci- 


Vn/\./ 

I 

H 


1«1 


n 


i«i 


515 


550 


chlor¬ 

oform 


Difference 
(in  mfi) 


480 


565 


575 


495 


50 


25 


15 


The  absorption  curves  of  the  dye  (E)  in  a  mixture  of  alcohol  and  chloroform  have  a  somewhat  different 
character  (Fig.  5).  In  this  case  also  a  slight  addition  of  alcohol  (0.5*70)  to  a  chloroform  solution  of  the  dye  affected 

the  color;  the  absorption  maximum  was  displaced  toward  the  short-wave 
region.  With  an  increase  in  the  alcohol  concentration,  the  absorption 
maximum  was  displaced  steadily  toward  shorter  wavelengths  and  even  at 
an  alcohol  content  of  A(flo,  it  approached  the  absorption  maximum  of  an 
alcohol  solution  of  the  dye  (II).  Simultaneously  with  the  displacement 
of  the  absorption  maximum,  there  was  an  increase  in  the  absorption  in¬ 
tensity.  As  Fig.  5  shows,  the  absorption  curves  of  the  dye  (II)  in  a  mix¬ 
ture  of  alcohol  and  chloroform  differ  somewhat  from  the  absorption  cur¬ 
ves  of  the  dyes  (I)  and  (III).  In  this  case  the  presence  of  two  absexption 
maxima  in  mixtures  of  the  solvents  was  less  noticeable  as  the  absorp¬ 
tion  intensities  in  alcohol  and  in  chloroform  are  very  different.  However, 
the  presence  of  a  clearly  expressed  isosbestic  point  leaves  no  doubt  that 
there  is  a  mixture  of  two  individual  forms  of  the  dye  in  solution. 


Fig.  6.  Absorption  of  spectra  of  solu¬ 
tions  of  the  carbocyanines  (IV)  and  (V), 
1)  Dye  (IV)  in  chloroform;  2)  dye  (IV) 
in  alcohol;  3)  dye  (V)  in  chloroform; 

4)  dye  (V)  in  alcohol. 


It  seemed  interesting  to  look  for  the  form  of  solvatochromism  de¬ 
scribed  with  other  saltlike  dyes  containing  an  NH  group  in  the  molecule. 
For  this  purpose  we  measured  the  absorption  curves  of  two  more  cyanine 
dyes  (IV)  and  (V),  which  have  been  described  in  the  literature  (Table  2). 

As  the  data  in  Table  2  and  also  the  nature  of  the  absorption  curves 
(Fig.  6)  of  the  dyes  (IV)  and  (V)  show,  here  also  there  is  undoubtedly  the 
formation  of  hydrogen  bonds  with  alcohol  molecules. 


The  difference  in  the  positions  of  the  absorption  maxima  of  the  azacyanine  (VI)  in  alcohol  and  chloroftxrm  of 
15  m/i  evidently  also  indicates  the  presence  of  a  hydrogen  bond  between  dye  and  alcohol  molecules  [5]. 

However,  the  absorption  maxima  of  salts  of  glutaconic  aldehyde  aniUdes  such  as  (VII),  which  also  contain  hy¬ 
drogen  atoms  at  tfie  nitrogen,  in  alcohol  and  chloroform  were  identical. 


CeHs-NH— CH=Cn— CH. 

ci- 

(Vll) 


CII— CH=:^H— C,Hs 
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The  importance  of  hydrogen  bonds  in  solvatochromism  has  been  pointed  out  repeatedly.  Thus,  for  example,  in 
a  study  of  the  absorption  spectra  of  some  merocyanines,  Bayliss  and  McRae  [9]  came  to  the  conclusion  that  they  depend 
more  on  the  capacity  of  the  solvent  to  form  hydrogen  bonds  than  on  its  dielectric  constant.  The  same  was  reported  by 
Kumler  [10]  for  p-nitroaniline.  However,  most  authors  [10-12]  agree  that  hydrogen  bonds  play  a  substantial,  but  not 
the  main  role  in  solvatochromism. 

From  our  work  it  follows  that  the  main  reason  for  the  change  in  the  color  of  saltUke  cyanine  dyes  containing 
hydrogen  atoms  and  not  hydrocarbon  radicals  at  the  nitrogen  atoms  of  the  heterocycles  is  the  formation  of  hydrogen 
bonds  with  the  solvent  through  the  NH  groups. 

EXPERIMENTAL 

Bls(2,7,7-trimetltyltetrahydrohepta-l,4-thiazine-5)-  trimethynecyanine  perchlorate  (HI).  A  ml>  ture  of  2.71  g 
of  2,5,7,7-tetramethyltetrahydrohepta-l,4-thiazine  perchlorate,  1.48  g  of  orthoformic  ester,  and  10  ml  of  pyridine 
was  heated  on  a  water  bath  for  30  min  (until  the  mixture  dissolved  completely).  Washing  with  ether  liberated  an  oil, 
which  solidifed  with  further  washing.  After  recrystallization  from  alcohol,  the  carbocyanine  (yellow  crystals)  had 
decomp.  p.  205*.  The  yield  was  0.41  g  (18^o). 

Found  °lo  :  N  6.25,  5.98;  Cl  7.61.  7.76.  C,9H3304N2S2C1.  Calculated‘S;  N  6.18;  Cl  7.82. 

Bis(2,2-dimethyldihydrobenzohepta-l,5-thiazine-4)  trimethynecyanine  bromide  (II).  A  mixture  of  2.86  g  of 
2,2,4-trimethyldihydrobenzohepta-l,5-thiazine  hydrobromide,  1.48  g  of  orthoformic  ester,  15  ml  of  acetic  anhydride, 
and  5  drops  of  pyridine  was  heated  on  a  water  bath  until  the  mixture  dissolved  completely  (30  min).  On  heating,  the 
mixture  acquired  a  red  color.  On  cooling,  the  solution  deposited  red  crystals  of  the  carbocyanine.  The  crystals  were 
collected  and  washed  with  water,  alcohol,  and  ether.  After  recrystallization  from  alcohol,  the  dye  had  m.p.  215*. 

The  yield  was  1.1  g  (48S). 

Found  ‘S:  N  5.56,  5.64;  Br  15.66,  15.82.  C25H29N2S2Br.  Calculated  ‘7o:  N  5.59;  Br  15.93. 

Solutions  of  the  dye  (II)  at  low  concentrations  in  most  solvents  lost  the  elements  of  the  acid.  A  certain  amount 
of  dry  hydrogen  chloride  was  added  to  the  solution  to  prevent  this  phenomenon. 

The  absorption  spectra  of  dyes  given  in  Figs.  1  and  2  were  measured  with  solutions  with  the  concentration  of  1  • 

•  10'®  M  on  an  SF-4  spectrophotometer.  The  absorption  spectra  of  dyes  given  in  Figs.  3-6  were  measured  with  so¬ 
lutions  with  a  concentration  of  2  •  10"^  M  on  SF-2M  and  SF-4  spectrophotometers. 

SUMMARY 

1.  It  was  established  that  some  saltlike  cyanine  dyes  show  solvatochromism,  which  is  associated  with  the  for¬ 
mation  of  a  dye  -solvent  complex  through  a  hydrogen  bond. 

2.  It  was  observed  that  with  the  formation  of  a  solvent  -  dye  complex,  the  absorption  maximum  is  displaced 
into  the  short-wave  regitxi  by  approximately  50  m^  for  saltlike  polymethyne  dyes  which  are  derivatives  of  tetra- 
hydroheptathiazine,  dihydrobenzoheptathiazine,  and  dihydrobenzoheptadiazine,  containing  hydrogen  atoms  and  not 
hydrocarbon  radicals  at  the  nitrogen  atoms. 

3.  In  mixtures  of  alcohol  with  chloroform,  these  dyes  form  a  series  of  curves  with  anisobestic  point,  whence 
it  follows  that  the  complex  with  alcohol  has  a  simple  and  constant  composition,  probably  2  moles  of  alcohol  to  1 
mole  of  dye. 
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The  chemical  properties  of  diethylenimidovinylphosphonates  and  vinylthiophosphonates  have  hardly  been 
studied  [1],  However,  we  showed  previously  that  these  substances,  like  esters  of  vinylphosphinic  acid,  add  mer- 
captans  and  alcohols  to  form  the  corresponding  ethylenimides  of  alkylphosohinic  and  alkylthiophosphinic  acids,  con¬ 
taining  ether  and  thioether  groups  in  the  radical  bound  to  the  phosphorus  through  carbon  [2].  Continuing  these  in¬ 
vestigations,  we  studied  the  addition  of  secondary  and  primary  amines  to  diethylenimides  of  vinylphosphinic  and 
vinylthiophosphinic  acids.  The  amines  we  used  were  diethylamine,  ethylenimine,  piperidine,  morpholine,  di- 
benzylamine,  and  allylamine.  These  amines  add  to  amides  of  vinylphosphinic  and  vinylthiophosphinic  acids  to  form 
imides  of  6  -aminoethylphosphonates  and  thiophosphonates  (Table  1). 


/  >cn2\  /  yCll2\ 

c;n,^(;ii-p  N<  I  -}-HNn2  — >  R2NCH2CH2P  n<  |  . 

II  V  II  ^  ^0112/2 

0(S)  0(S) 

The  order  of  addition  of  amines  to  diethylenimides  of  vinylphosphinic  and  vinylthiophosphinic  acids  Is  as 
shown  above  since  the  orientation  of  addition  is  determined  by  the  polar  state  of  the  multiple  bond. 

The  reaction  proceeded  particularly  readily  in  the  case  of  diethylamine,  piperidine,  and  ethylenimine.  These 
amines  added  at  room  temperature  in  1.5-2  days  and  at  40-50°  in  4-5  hr.  Dibenzylamine  and  allylamine  added  in 
the  presence  of  catalytic  amounts  of  sodium  alcoholate.  In  all  cases  the  reaction  proceeded  best  without  a  solvent 
with  an  equimolecular  amount  or  a  small  excess  of  the  aminr.  It  should  also  be  noted  that  the  addition  of  amines 
to  imides  of  vinylphosphinic  and  vinylthiophosphinic  acids  was  much  more  difficult  than  the  addition  of  amines  to 
neutral  esters  of  vinylphosphinic  acid  [3].  This  is  explained  by  the  different  polarity  of  the  multiple  bond  in  imides 
and  esters  of  vinylphosphinic  acid. 

The  addition  products  of  piperidine,  morpholine,  and  diethylamine  to  imides  of  vinylphosphonates  and  vinyl¬ 
thiophosphonates  were  purified  by  vacuum  distillation  (10“^  mm);  the  other  imides  of  6 -aminoethylphosphonates 
decomposed  on  distillation.  The  latter  substances  were  analyzed  after  being  kept  in  vacuum  (0.1  mm)  for  2  hr.  The 
analysis  data  indicate  that  these  substances  were  obtained  in  a  comparatively  pure  form  without  distillation.  For 
additional  characterization,  the  undistilled  0 -aminoethylphosphonates  were  converted  into  picrates  (Table  2). 

All  the  diethylenimides  of  aminothiophosphonates  and  aminophosphonates  were  colorless  viscous  liquids,  which 
were  soluble  in  benzene,  chloroform,  ether,  and  alcohol;  the  fcarmer  (in  contrast  n  the  latter)  were  insoluble  in  water, 
The  substances  were  stable  at  temperatures  below  0°,  but  prolonged  storage  at  roon\  temperature  led  to  gradual  poly¬ 
merization  (to  a  vitreous  state).  Thus,  the  diethylenimide  of  0  -diethylaminoethylphosphinic  acid  was  converted 
into  a  slightly  yellowish  vitreous  polymer  when  stored  for  1.5  months. 

It  must  be  assumed  that  the  polymerization  of  the  ethylenimides  into  macromolecular  compounds  occurs  as 
a  result  of  opening  of  the  ethylenimide  rings.  Linear  polymers  without  a  phosphorus  residue  in  the  drain  and  with 
a  phosphorus  residue  binding  the  main  chains  of  the  macromolecule  are  evidently  obtained. 

The  possibility  of  the  formation  of  three-dimensional  polymers  cannot  be  excluded.  The  polymerization  prod¬ 
ucts  were  not  investigated  in  more  detail. 
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TABLE  1 


Sample 

no. 


2 


3 


4 

5 

6 

7 

8 

9 

10 

11 


Formula  of  substance 


Empirical 

formula 


C,Hi.  I  .CH|\ 

)N-CH,CH,P-  NC  I  1 

C,ll/  I  \ 

C,H» 

C 


CH,.  /  /CH,', 

I  >N-CH,CH.P 
CH,^ 


>N-CH,CH,P  N<  I 

n^\ 

(  /CH,\ 

|j\ 

XHA 
N<  I 


CH, 

I 

CH 


CH,=CHCH,NHCH,CH,P 

II 

S 


CH,=CHCH,NHCH,CH,P 

I! 

O 


C.H,CH,^  _ /  /CHA 


C.HCH, 


pN-CH,CH,P 


(C..Hf.CH,),NCH,CH,P 

II 

O 


CHA 
N(  I 

XH,-CH..  /  .CHA 

CH,<  )NCH,CH,P  N<  I 

''CH,-CH/  II  \  \CH  J 

s'  ' 

.CH,-CH,.  /  .CHA 

>NCH,CH,P(  I  1 

\ch,-ch/  h\  ^chJ^ 

.CHA 

<<!«.) 


.CH,-CH,.  /  ^CHA 

OC  ^NCH.CH.P  ' 


’\ 

'ch,-ch/  II 

O 


C,oM.,2N.iSF 

Ciollj^ONaF 

(;„n,„N3SP 

(.gllir,ON3F 

f.r)ll|yN3Sl’ 

C9M,a(1N3l* 

1^20^^20^381’ 

l'2oJl2«l^N3P 

Cj|H22N3SP 

C10H20O2N3P 


Name  of 
substance 


Diethylenimide  of  8- 
diethylaminoethylthio- 
phosphonic  acid 
Die^ylenimide  of  8- 

diethylaminoetiiylphos- 
phonic  acid 

Diethylenimide  of  8- 
etilyleniminoethylthio- 
phosphonic  acid 

Diethylenimide  of  8- 
ethyleniminoethylphos- 
phonic  acid 

Diethylenimide  of  8- 
allylaminoethylthio- 
phosphonic  acid 
Diediylenimide  of  8- 
allylaminoethylphos- 
^onic  acid 
Diethylenimide  of  8- 
dibenzylaminoethylthio- 
phosphonic  acid 

Diethylenimide  of  8- 
dibenzylaminoethylphos- 
phonic  acid 

Diethylenimide  of  8- 
piperid  yle  thylthiophos  - 
phonic  acid 
Diethylenimide  of  8- 
morpholylethylthiophos- 
phonic  acid 

Diethylenimide  of  8- 
mo^pholyethylphos- 
phonic  acid 


n 

I 

p=o 

/  \ 

/  \ 

N  N 

CHa— CHj  CHa— CHa 
CHa— CHa 
\/ 

N 

I 

n-p=o 

I 

N 

/\ 

CH2-CH2 


R 

,!=o 

/\ 

l_— N— CHaCIIg— N— CHaClIz— 


*  — N— CHaCIIa-” 

I 

R— P=0 

I 

— N— CH2CH2- 


EXPERIMENTAL 

N,N* -Diethylenimide  of  N''-plperidlno-8 -ethylthiophosphinic  acid  (typical  preparation).  To  9.5  g  of  the  di¬ 
ethylenimide  of  vinylthiophosphinlc  acid  was  added  5.1  g  of  piperidine  and  the  reaction  mixture  stirred  at  room  tem¬ 
perature  for  5-6  hr  and  left  overnight  or  heated  at  40-50*  with  stirring  for  4-5  hr.  The  substance  was  isolated  by 
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Bath  tempera- 
ature  (at  10"* 
mm) 

Found  ^  1 

Calculated^  1 

d.** 

n,- 

P 

S 

N 

p 

S 

N 

field, 

95-100° 

1.1081 

1.5392 

12.4.5. 

12.31 

12.8.5, 

12.80 

16.51, 

16.31 

12.55 

12.95 

17.0 

61.5 

107-110 

1.0821 

1.4996 

1.3.8, 

13.9 

— 

18.23, 

18.00 

13.4 

— 

18.15 

40 

Not  dissolved 

1.1264 

1.5.590 

14.20, 

14.10 

14.76, 

14.61 

19.06. 

19.11 

14.28 

14.72 

19.33 

Quantitative 

Not  dissolved 

1.1596 

1.5153 

— 

— 

20.67, 

20.54 

— 

20.84 

Quantitative 

Not  dissolved 

1.1223 

1..5520 

13.6.5, 

13.59 

14.07. 

14.03 

1.8.20, 

18.06 

13.4 

13.85 

18.15 

Quantitative 

Not  dissolved 

1.1141 

1.5170 

— 

— 

17.84. 

17.64 

— 

— 

19.5 

Quantitative 

Not  dissolved 

1.1123 

1.58G0 

8.33, 

8.27 

8.84. 

8.64 

11.4, 

11.4 

8.35 

8.63 

11.3 

Quantitative 

Not  dissolved 

1 .0798 

1.5508 

8.25, 

8.10 

— 

11.26, 

10.97 

8.74 

— 

11.82 

Quantitative 

100 

1.1258 

1.5545 

— 

— 

16.0, 

16.31 

— 

— 

16.2 

64.0 

110—115 

1.1392 

1.5531 

— 

— 

1. 5.9,3. 
16.13 

— 

— 

16.05 

43.4 

120 

1.1399 

1.5112 

— 

— 

17.06 

— 

— 

17.1 

35.4 

vacuum  distillation  (10"*  mm)  at  a  bath  temperature  of  100-110°.  The  yield  was  9.85  g  (67.^®).  The  substance 
was  a  colorless  viscous  liquid,  which  dissolved  readily  in  benzene,  acetone,  and  alcohol,  and  sparingly  in  water.  The 
properties  of  the  compound  obtained  are  given  in  Table  1.  Compounds  2-7  (Table  1)  were  prepared  analogously. 
The  substances  which  were  not  distilled  were  kept  in  vacuum  (0.1  mm)  at  40-50°  before  analysis.  The  yields  of  the 
undistilled  products,  which  were  comparatively  pure,  reached  10(l7o. 

N,N'-Diethylenimide  of  N*-dibenzylamino-0 -ethylthiophosphinic  acid  (typical  preparation).  A  mixture  of 
4.35  g  of  the  diethylenimide  of  vinylthiophosphinic  acid,  4.93  g  of  dibenzylamine,  and  catalytic  amounts  of  sodium 
ethylate  was  stirred  at  80°  for  12  hr  to  give  a  quantitative  yield  of  a  yellow  oily  substance,  which  was  soluble  in 
benzene,  alcohol,  and  chloroform,  and  sparingly  soluble  in  water  and  ether,  and  could  not  be  distilled  in  vacuum 
(10'^  mm).  Compounds  8-10  (Table  1)  were  prepared  analogously. 

Picrates  of  diethylenimidoaminophosphonates.  To  an  ether  or  benzene  solu  ion  of  the  apfxopriate  aminophos- 
phonate  was  slowly  added  a  solution  of  picric  acid  in  benzene  with  cooling.  The  precipitated  crystals  or  oil  (which 
crystallized  on  trituration  with  ether)  were  collected,  washed  carefully  with  dry  ether,  and  dried.  The  picrates  of 
the  diethylenimides  of  6-piperidinoethylthiophosphonate  and  6-dibenzylaminoethylthiophosphonate  were  recrystal¬ 
lized  from  mixtures  of  benzene  and  Ugroin,  and  benzene  and  alcohol,  respectively. 

STMMARY 

It  was  shown  that  primary  and  secondary  amines  add  to  diethylenimides  of  vinylphosphinic  and  vinylthio¬ 
phosphinic  acids  to  form  previously  unknown  diethylenimides  of  0 -aminoethylphosphlnic  and  thiophosphinic  acids. 
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TABLE  2 
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In  contrast  to  phosphates,  ethylenimidophosphonates  have  been  studied  very  little.  There  are  several  papers 
[1]  on  the  preparation  of  these  compounds;  our  previous  paper  was  devoted  to  the  synthesis  and  study  of  the  properties 
of  diethylenimidophosphonates  and  diphosphonates  [2].  Ethylenimidothiophosphates  have  not  been  studied  at  all, 
while  thionophosphates,  which  are  of  similar  structure,  are  of  the  greatest  practical  interest  of  all  the  derivatives  of 
phosphorus  acids  synthesized  containing  ethylenimide  residues. 

In  the  present  work  we  describe  diethylenimides  of  alkyl-  and  alkenylthiophosphinic  and  allylphosphinic  acids. 
We  studied  the  addition  of  mercaptans  and  alcohols  to  diethylenimides  of  vinylphosphinic  and  vinylthiophosphinic 
acids  in  order  to  prepare  imidophosphonates  and  thiophosphonates  containing  ether  and  thioether  groups  in  the  radical 
to  the  phosphorus  directly  through  carbon. 

The  diethylenimides  of  alkyl-  and  alkenylthiophosphinic  and  allylphosphinic  acids  were  obtained  by  the  re¬ 
action  of  the  appropriate  acid  chlorides  with  ethylenimine  in  anhydrous  benzene  or  ether  in  the  presence  of  a  ter¬ 
tiary  base  (as  a  hydrogen  chloride  acceptor)  at  5-10“  according  to  the  scheme: 


?R  N 


II  -f  2nN<;  I 
S(0) 


The  substances  obtained  were  colorless  liquids,  which  dissolved  readily  in  water  and  organic  solvents.  Some 
of  them  crystallized  on  long  standing.  Almost  all  the  substances  were  purified  by  distillation.  However,  they  could 
only  be  distilled  in  high  vacuum  as  they  polymerized  instantaneously  at  120°  and  above  and  a  pressure  of  0.1  mm. 

We  were  unable  to  distill  only  the  diethylenimide  of  6-chloroethylthiophosphinic  acid,  which  polymerized  explosive¬ 
ly  at  100-102“  even  at  a  pressure  of  10"^  mm.  This  is  evidently  explained  by  the  fact  that  the  chlorine  in  the  di¬ 
ethylenimide  of  0-chloroethylthiophosphinlc  acid  is  readily  eliminated  by  heating  in  the  form  of  hydrogen  chloride, 
which  produces  opening  of  the  ethylenimine  rings  and  spontaneous  polymerization.  The  properties  and  yields  of  the 
substances  obtained  are  given  in  Table  1. 

The  diethylenimides  of  vinylphosphinic  and  thiophosphinic  acids,  like  the  esters  [3]  add  mercaptans  and  al¬ 
cohols. 


The  reaction  with  mercaptans  proceeded  at  60“  and  was  complete  in  14-15  hr.  The  reaction  was  accelerated 
in  the  presence  of  catalytic  amounts  of  sodium  alcoholate.  Ethyl  mercaptan  added  mcxre  readily  than  butyl  mer¬ 
captan.  The  reaction  proceeded  according  to  the  scheme: 


/  /CH-X 
Cn2=CHP  N(  I 

II  \ 

0{S) 


KSH 


The  yields  of  the  addition  products  reached  50-60^o. 
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The  structure  of  the  products  obtained  was 
confirmed  by  the  reaction  of  the  diethylenimide  of 
6 -chloroethylthiophosphinic  acid  with  sodium  butyl 
mercaptide. 


/  yCH, 

f:4H.,SNa4- ClCHaCHaP  N<  | 

II  V 


(<Z1 


C4!i«scii2cn2P 

I 


f  NaCl. 


The  reaction  proceeded  under  mild  con¬ 
ditions  and  gave  a  better  yield  than  the  addition  of 
butyl  mercaptan  to  the  diethylenimide  of  vinyl- 
thiophosphinic  acid. 

The  constants  of  S-butyl-S-dimethylenedi- 
ethylenimidothiophosphonate  were  the  same  for 
samples  obtained  by  the  two  methods.  The  sub¬ 
stance  was  an  immobile  liquid,  which  was  stable 
during  storage  and  distilled  only  in  high  vacuum. 

Its  properties  are  given  in  Table  2. 

Alcohols  in  contrast  to  mercaptans,  added 
with  more  difficulty  to  the  diethylenimides  of 
vinylphosphinic  and  thiophosphinic  acids.  The  prod¬ 
ucts  from  addition  of  ethanol  and  butanol  could  be 
obtained  in  low  yields  only  by  prolonged  heating 
of  the  reaction  mixture  in  the  presence  of  alcoholates. 
However,  it  was  difficult  to  isolate  the  substances 
obtained  in  this  way  in  a  pure  form  because  of  the 
similarity  of  the  boiling  points  of  the  starting  di- 
imide  of  the  vinylphosphonate  and  the  final  addi¬ 
tion  product.  Substances  of  suitable  purity  were  ob¬ 
tained  in  satisfactory  yields  by  the  action  of  al¬ 
coholates  on  diethylenimides  of  0-chloroethyl- 
phosphinic  acid.  The  properties  of  the  substances 
obtained  are  given  in  Table  2. 

EXPERIMENTAL 

N,N* -Diethylenimide  of  chloromethylthio- 
phosphinic  acid  (typical  preparation).  To  11.6  g 
of  ethylenimine  and  27.3  g  of  triethylamine  in 
200  ml  of  dry  benzene  was  added  24.8  g  of  the  acid 
chloride  of  chloromethylphosphinic  acid  in  100  ml 
of  dry  benzene  at  0-10*;  the  mixture  was  stirred  at 
toom  temperature  for  3-4  hr  and  left  overnight. The 
triethylamine  hydrochloride  was  removed  by  filtra¬ 
tion,  the  benzene  removed,  and  the  residue  distilled; 
the  product  had  b.p.  84*  (0.15  mm).  The  diimide 
distilled  completely  at  10"^  mm  on  a  bath  heated 
to  80-85*.  In  an  attempt  at  distillation  at  0.25  mm, 
the  product  polymerized  instantaneously  (at  a  bath 
temperature  of  120*).  The  yield  was  15.7  g  (59.0^). 
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Calculated 
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vinylthiophosphinic  acid  and  1.56  g  of  alcohol  was  heated  at  50-60"  in  the  presence  of  catalytic  amounts  of  sodium 
ethylate  for  20  hr.  The  excess  alcohol  was  removed  in  vacuum  and  the  residue  vacuum  distilled  (10"^  mm).  We  ob¬ 
tained  the  following  fractions:  1st  fraction  at  a  bath  temperature  of  70",  2.4  g,  1.5390;  2nd  fraction  at  a  bath 
temperature  of  100-110",  2.2  g,  nfj  1.5344.  The  first  fraction  was  evidently  a  mixture  of  the  starting  material  and 
the  ethoxy diimide;  the  second  fraction  was  the  addition  product.  The  yield  was  2.2  g  An  analogous  result  was 

obtained  when  the  reaction  was  carried  out  in  sealed  tubes  at  60-65"  for  20  hr.  The  reaction  gave  a  better  yield  (5^) 
when  die  reaction  mixture  was  stirred  and  heated  at  80"  for  18-20  hr.  The  substance  was  a  colorless  liquid,  which  was 
soluble  in  organic  solvents  and  sparingly  soluble  in  water.  The  N,N’-diethylenimide  of  n-butoxy-8-ethylphosphinic 
acid  was  obtained  analogously. 

b)  A  3.5  g  sample  of  the  diediylenimide  of  6 -chloroethylphosphinic  acid  was  added  gradually  to  2.0  g  of 
freshly  prepared  sodium  n-butyl  mercaptide  in  dry  ether,  the  mixture  stirred  for  5  hr  with  the  ether  boiling,  the  sodi¬ 
um  chloride  precipitate  removed  by  filtration,  the  ether  removed,  and  the  residue  vacuum  distilled  (10"^  mm)  at  a 
bath  temperature  of  70-80".  The  yield  was  2.34  g  (56.0^o). 

SUMMARY 

1.  Previously  unknown  diethylenimides  of  alkyl-  and  alkenylthiophosphinic  and  allylphosphinic  acids  were 
prepared. 

2.  The  addition  of  alcohols  and  mercaptans  to  diethyleniioides  of  vinylthiophosphinic  and  phosphinic  acids 
was  studied. 
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We  showed  previously  that  acid  esters  of  methylphosphinous  acid  are  transesterified  by  monohydric  [1]  and  di- 
hydric  [2]  alcohols.  This  method  was  found  to  be  suitable  for  the  synthesis  of  various  phosphites,  including  previously 
unknown  ones.  The  transesterification  of  neutral  phosphites  [3],  monoalkylphosphinites  [4],  and  acid  phosphites  [5] 
by  monohydric  alcohols  has  also  been  studied. 

In  the  present  work  we  studied  the  transesterification  of  esters  of  dialkyl-  and  diarylphosphinous  acids  by  vari¬ 
ous  alcohols.  It  was  shown  that  like  other  esters  of  acids  containing  trivalent  phosphorus,  esters  of  dialkyl-  and  di¬ 
arylphosphinous  acids  readily  undergo  this  conversion  and  consequently,  all  types  of  acid  and  neutral  esters  of  phos¬ 
phorous  and  phosphinous  acids  may  be  used  in  transesterification. 

We  made  a  detailed  investigation  of  the  alcoholysis  of  ethyl  methylethylphosphinite.*  In  contrast  to  acid 
phosphonites,  esters  of  dialkylphosphinous  acids  are  transesterified  by  not  only  primary  and  secondary,  but  also  ter¬ 
tiary  alcohols.  We  should  note  that  until  now  it  has  not  been  possible  to  transesterify  esters  of  acids  containing  tri- 
and  pentavalent  phosphorus  with  tertiary  alcohols  and  no  ester  formed  by  such  an  alcohol  and  a  phosphinous  acid  has 
been  known. 

The  transesterification  of  dialkylphosphinous  esters  proceeds  under  milder  conditions  than  the  transesterifica¬ 
tion  of  phosphites  and  acid  phosphinites,  for  example.  This  is  in  accordance  with  the  mechanism  of  the  reaction, 
which,  as  was  shown  previously  [1],  proceeds  through  the  formation  of  an  intermediate  phosphonium  compound  through 
the  unshared  pair  of  electrons  in  the  electron  cloud  of  the  phosphorus  atom. 


>F’-OC2llr. 
r  jh'  I  \ 

II  oil 
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As  a  result  ••'f  ihe  lower  electrophilicity  of  the  alkyl  group  in  comparison  with  hydroxyl  and  alkoxyl  groups,  the 
electron  density  at  the  phosphorus  atom  in  dialkylphosphinous  esters  is  greater  than  in  phosphites  and  acid  methyl- 
phosphinites  and  this  facilitates  the  formation  of  the  phosphonium  compound. 

As  experiments  showed,  ethyl  diphenylphosphinite  undergoes  transesterification,  but  under  more  drastic  con¬ 
ditions;  in  addition,  transesterification  could  not  be  effected  with  tertiary  alcohols.  These  difficulties  are  caused  in 
the  first  instance  by  the  high  electrophilicity  of  the  phenyl  group  present  in  the  phosphite  and  to  some  extent,  by 
steric  hindrance. 

In  addition  to  monohydric  alcohols,  ethylene  glycol  also  reacted  with  phosphinites  to  give  a  satisfactory  yield 
of  a  neutral  biphosphinite: 


CH3.  Cll;, 

)POC2ll5  4  IIOCIMJH^OII  +  CJUOIX 
Call/  ■  “  ■  \C.,Il5 

CFI3  /CII3 

— >  ^rocii.,c;ii20i‘<  4  202115011. 

02115/  ■  \o.,n-, 


•  We  obtained  ethyl  methylethylphosphinite  from  the  corresponding  acid  chloride,  which  was  obtained  by  the  method 
in  [6]. 
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The  esters  obtained  in  the  present  work  (especially  esters  of  secondary  and  tertiary  alcohols)  were  largely  un¬ 
known.  They  were  all  liquids,  which  dissolved  in  organic  solvents,  were  hydrolyzed  by  water,  and  were  similar  in 
properties  to  neutral  phosphites.  They  were  oxidized  readily  and  added  sulfur  to  form  the  corresponding  derivatives 
of  pentavalent  phosphorus,  which  have  not  been  reported  previously  in  the  literature. 
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When  methylethylphosphinites  formed  by  branched  alcohols  were  alkylated,  the  Arbuzov  reaction  proceeded 
smoothly  to  form  a  phosphine  oxide  and  the  corresponding  alkyl  halide. 
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Thus,  transesterification  proceeds  readily  with  esters  of  dialkyl-  and  diary Iphosphinous  acids.  The  phosphinites 
obtained  may  be  used  for  the  synthesis  of  complex  organophosphorus  compounds. 

EXPERIMENTAL 

Ethyl  methylethylphosphinite  (1).  Into  a  four -necked  flask  with  a  stirrer,  reflux  condenser,  thermometer,  and 
dropping  funnel  were  placed  17.7  g  of  anhydrous  alcohol,  114.2  g  of  freshly  distilled  diethylaniline,  and  350  ml  of 
absolute  ether.  At  0°,  42.4  g  of  methylethylchlorophosphine  in  an  equal  volume  of  absolute  ether  was  added  drop- 
wise.  The  mixture  was  then  stirred  at  room  temperature  for  1  hr,  filtered,  and  the  precipitate  washed  with  absolute 
ether.  The  ether  was  removed  and  the  residue  vacuum  distilled.  All  operations  had  to  be  carried  out  in  an  atmos¬ 
phere  of  pure  dry  nitrogen.  We  obtained  12.8  g  (28^o)  of  product  with  b.p.  52-58“  (100  mm).  After  redistillation,  the 
substance  had  the  following  constants: 

B.p.  54-55“  (100  mm),  nJJ  1.4275,  d^/  0.8755,  MRq  35.22;  calc.  35.07. 

Founder  P  26.25,  26.40.  CslijjPO.  Calculated ‘Vo ;  P  25.80. 

It  was  a  colorless,  mobile  liquid  witli  an  unpleasant  odor,  fumed  in  air  with  evolution  of  heat,  dissolved  in  or¬ 
ganic  solvents,  and  was  sparingly  soluble  in  water. 

Transesterification  of  ethyl  methylethylphosphinite  by  monohydric  alcohols  and  ethylene  glycol.  A  mixture 
of  alcohol  and  (I)  in  a  molar  ratio  of  1  :  1  (a  molar  ratio  of  1  :  3  in  transesterification  with  ethylene  glycol)  and  a 
small  piece  of  sodium  was  heated  at  120-125“  for  3  hr,  whereupon  ethanol  distilled  (b.p.  76-78“;  yield  00-03lo).  The 
mixture  was  then  vacuum  distilled.  All  operations  were  carried  out  in  an  atmosphere  of  purified  nitrogen.  The 
yields  of  the  substances  obtained  and  their  constants  are  given  in  Table  1. 

Transesterification  of  ethyl  diphenylphosphinite  (II)  by  monohydric  alcohols.  A  mixture  of  (II)  *  and  the  al¬ 
cohol*  *  in  a  molar  ratio  of  1  :  1  and  a  small  lump  of  sodium  was  heated  for  4-5  hr  at  the  boiling  point  of  the  starting 
alcohol  (140-190“)  until  80-90^0  of  the  theoretical  amount  of  alcohol  had  distilled.  The  residue  was  vacuum  distilled. 
All  operations  were  carried  out  in  an  atmosphere  of  purified  nitrogen.  The  yield:  i^f  the  substances  and  their  constants 
are  given  in  Table  1. 


*  Ethyl  diphenylphosphinite  was  obtained  by  the  method  proposed  by  A.  E.  Arbuzov  [7]  for  diphenylchlorophosphine  [8]. 

*  *  Transesterification  did  not  occur  with  tert-heptanol.  Ethanol  did  not  distill  and  vacuum  distillation  of  the  reac¬ 
tion  mixture  yielded  only  tert-heptanol  [b.p.  40-41“  (1  mm),  n^  1.4162]  and  ethyl  diphenylphosphinite  [b.p.  127-128“ 
(1  mm),  ng  1.5910]. 
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TABLE  1.  Synthesis  of  Diphenyl-  and  Methylethylphosphinous  Esters  (QHsJ^POR  (I)  and  C,H 


2878 


Literature  data  [8]:  b.p.  180-185°  (0.2  mm),  n^  1,5658,  <34®  1,0521. 


Addition  of  sulfur  to  methylethyl-  and  diphenylphosphlnous  esters.  The  phosphinite  was  gradually  mixed  with 
an  equimolecular  amount  of  sulfur  and  the  temperature  of  the  mixture  rose  to  80-110;  the  mixture  was  heated  at 
110-115”  f(x  2  hr,  cooled,  filtered  to  remove  sulfur,  and  vacuum  distilled.  The  yields  and  constants  of  the  compounds 
obtained  are  given  in  Table  2. 

Glycol  ester  of  methylethylphosphinic  acid.  Into  a  flask  protected  from  moisture  was  placed  1.4  g  of  the  glycol 
ester  of  methylethylphosphinous  acid  and  nitrogen  oxides  in  a  scream  of  dry  nitrogen  passed  in  with  cooling  with  ice 
and  salt  until  a  green  color  appeared.  The  excess  nitrogen  oxides  were  removed  by  flushing  the  mixture  with  dry 
nitrogen  and  keeping  the  mixture  in  vacuum.  We  obtained  1.6  g  of  product  (almost  quantitative  yield). 

B.p.  117-118”  (0.5  mm),  nj}  1.4712. 

Found ‘!/o:  P  25.16,  25.48.  C8H20O4P2.  Calculated  <70:  P  25.62. 

The  thick,  viscous,  yellow  mass  was  soluble  in  organic  solvents. 

Cyclohexyl  ester  of  diphenylphosphinic  acid.  As  described  above,  from  3.5  g  of  the  cyclohexyl  ester  of  di- 
phenylphosphinous  acid  we  obtained  3.6  g  (almost  quantitative  yield)  of  product  with  m.p.  112-112.5”  (from  ether). 

Found  *70:  P  9.83,  9.91.  C18H2AP.  Calculated  ^o;  P  10.23. 

The  colorless  crystals  were  readily  soluble  in  dichloroethane,  benzene,  and  alcohol  and  difficultly  soluble  in 

ether. 


Arbuzov  rearrangement  with  tert-heptyl  methylethylphosphinite.  A  1.9  g  sample  of  heptyl  methylethylphos- 
phinite  was  mixed  with  1.4  g  of  methyl  iodide  (the  temperature  rose  to  70-75”).  The  mixture  was  heated  on  a  water 
bath  for  1  hr.  On  cooling,  colorless,  lustrous  prisms  separated  and  these  were  collected.  The  filtrate  was  vacuum 
distilled  and  we  collected  a  fraction  with  b.p.  95-97.5”  (10  mm);  the  substance  crystallized  in  the  receiver.  The 
total  yield  of  dimethylethylphosphine  oxide  was  0-6  g  (se^o);  m.p.  76-77"  (from  alcohol).  Literature  data  [9]:  m.p. 
73-75”  and  b.p.  223”. 

SUMMARY 

1.  The  tranesterifi cation  of  ethyl  methylethylphosphinite  with  primary,  secondary,  and  tertiary  alcohols  is  a 
convenient  method  of  synthesizing  various  esters  of  methylethylphosphinous  acid. 

2.  The  transesterification  of  ethyl  diphenylphosphinite  with  primary  and  secondary  alcohols  is  a  convenient 
method  of  synthesizing  esters  of  diphenylphosphlnous  acid. 

3.  Ethyl  methylethylphosphinite  was  transcsterified  with  ethylene  glycol. 

4.  Some  chemical  properties  of  the  phosphinites  obtained  were  studied. 

LITERATURE  CITED 

1.  K.  A.  Petrov,  E.  E.  Nifant’ev,  and  R.  G.  Gol’tsova,  ZhOKh,  31^,  2367  (1961). 

2.  K.  A.  Petrov,  E.  E.  Nifant’ev,  and  R.  G.  Gol'tsova,  ZhOKh,  2370  (1961). 

3.  B.  A.  Arbuzov  and  V.  S.  Vinogradova,  Izv.  AN  SSSR,  OKhN,  733  (1951). 

4.  F.  W.  Hoffrnann,  R.  G.  Roth,  and  R.  G.  Simmons,  J.  Am.  Chem.  Soc.  80,  5937  (1958). 

5.  B.  A.  Arbuzov  and  V.  S.  Vinogradova,  DAN  SSSR,  79  (1952). 

6.  I.  P.  Komkov,  K.  V.  Karavanov,  and  S.  Z.  Ivin,  ZhOKh,  2963  (1958). 

7.  A.  E.  Arbuzov,  ZhRFKhO,  395  (1910). 

8.  C.  Stuebe,  W.  M.  Lesuer,  and  C.  R.  Norman,  J.  Am.  Chem.  Soc.  77,  3526  (1955). 

9.  C.  W.  Fenton  and  C.  K.  Ingold,  J.  Chem.  Soc.  2342  (1929). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by*letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


2879 


ON  THE  MECHANISM  OF  LACTONE  FORMATION  IN  THE  LIQUID- 
PHASE  AUTOXIDATION  OF  CERTAIN  P  O  L  Y  A  L  K  Y  LB  E  N  ZE  N  ES 
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In  the  preceding  works  it  was  found  that  In  the  autoxidation  of  various  polyalkylbenzenes  containing  adjacent 
mediyl  and  isopropyl  groups,  y  -lactones  -  3,3-dimethylphthalide  and  Its  homologs  -  are  formed  [1,  2]. 

The  autoxidation  of  o-cymene  was  studied  earlier  [3];  however,  3,3-dimethylphthalide  was  not  found  among 
the  oxidation  products  in  this  case. 

In  order  to  investigate  the  kinetics  and  chemism  of  lactone  formation  in  detail,  the  autoxidation  of  2-iso¬ 
propyl -p -xylene  (1)  and  2,5 -diisopropyl-p -xylene  (II)  was  studied  in  the  present  wcHrk. 

In  the  presence  of  manganese  resinate  the  oxidation  of  hydrocarbon  (I)  by  atmospheric  oxygen  goes  very  slowly, 
apparently  owing  to  steric  hindrances  arising  in  the  attack  of  the  peroxide  radical  on  the  blocked  groups,  which  in 
the  transition  state  cannot  assume  the  degree  of  coplanarity  attained  in  compounds  not  containing  substituents  in  the 
ortho-position.  Owing  to  the  low  conjugation  energy  the  total  rate  of  oxidation  of  both  blocked  groups  is  only  30  to 
l(fJo  greater  than  the  rate  of  oxidation  of  the  methyl  group  standing  alone,  whereas  the  isopropyl  group  in  4-isopropyl- 
o-xylene,  for  instance,  is  four  times  as  reactive  as  the  methyl  [2].  (Adjacent  methyl  groups  do  not  give  rise  to  steric 
hindrance:  o-Xylene  is  oxidized  more  readily  than  the  meta-  and  para -isomers).  On  studying  the  joint  oxidation  of 
hydrocarbon  (I)  and  p-xylene,  we  found  that  the  latter  is  only  23^0  less  reactive.  It  is  interesting  to  note  that  ac¬ 
cording  to  the  cited  data  [3],  o-cymene  is  oxidized  half  as  fast  as  p-cymene.  However,  these  authors  gave  an  ex¬ 
cessively  high  value  for  the  reactivity  of  the  ortho-isomer,  since  the  o-cymene  used  by  them  was  prepared  by  alkyla¬ 
tion  of  toluene  with  isopropyl  alcohol,  and  undoubtedly  contained  considerable  amounts  of  other  isomers. 

The  oxidation  of  hydrocarbon  (II)  goes  much  faster  than  that  of  (I).  This  is  due  not  only  to  the  somewhat  higher 
relative  reactivity  of  hydrocarbon  (II)  toward  free  radicals,  but  also  to  the  fact  that  in  the  given  case  less-stable  pri¬ 
mary  hydroperoxides  are  obtained,  which  easily  decompose  to  acids  which  slow  the  oxidation.  The  negative  effect 
of  the  methyl  group  on  the  rate  of  chain  growth  probably  is  even  more  important.  It  is  well  known,  for  instance, 
that  p-cymene  is  oxidized  more  slowly  than  cumene,  although  the  methyl  and  isopropyl  groups  activate  one  another 
[4]. 

In  the  presence  of  more  active  initiatcars  -  cobalt  acetate  and  isopropyltoluate  -  hydrocarbons  (I)  and  (II)  are 
oxidized  faster  than  with  manganese  resinate  (owing  to  degenerate  branching),  but  in  tliis  case,  naturally,  the  main 
reaction  products  are  not  hydroperoxides,  but  the  alcohols,  ketones,  acids,  lactones,  and  the  like,  resulting  from  their 
decomposition. 

The  kinetics  of  accumulation  of  the  oxidation  products  of  hydrocarbon  (I)  in  the  presence  of  1  mole  °lo  of  cobalt 
isopropyltoluate,  is  shown  in  Figs.  1-4.  From  these  data  it  is  evident  that  lactones  begin  to  accumulate  in  the  mix¬ 
ture  in  the  earliest  stages  of  the  reaction. 

Assuming  that  lactone  formation  is  a  strictly  consecutive  process,  3,3,5-trimethylphthalide  (HI),  for  instance, 
can  be  obtained  only  by  oxidizing  the  following  substances  (IV -X). 
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Equations,  describing  consecutive  reactions  [5],  conclusively  show  that  the  rate  of  lactone  accumulation,  ob¬ 
served  in  practice,  is  possible  only  when  the  blocked  alkyl  groups  in  compounds  (IV -X)  are  oxidized  several  times  as 
fast  as  the  original  hydrocarbon  as  a  whole.  From  the  point  of  view  of  ideas  on  the  polarization  of  the  transition  state 
[4,  6]  tills  situation  is  improbable,  since  electronegative  substituents,  on  the  contrary,  should  hinder  oxidation.  How¬ 
ever,  the  reactivity  of  hydrogen  atoms  depends  not  only  on  polar  effects,  but  also  on  other  factors,  e.g.,  the  energy  of 
cleavage  of  the  corresponding  C  -  H  bonds.  It  is  difficult  to  foresee  how  the  latter  quantity  will  vary  in  compounds 
(IV -X)  and  which  factor  will  be  decisive,  since  concrete  data  on  the  effect  of  analogous  substituents,  located  In  the 
OTtho -position  relative  to  the  reaching  group,  do  not  occur  in  the  literature. 

Numerous  examples  indicate  that  the  effect  of  polar  substituents  is  often  manifested  very  specifically.  For 
instance,  the  hydroxyl  and  hydroperoxide  groups  increase  the  activity  toward  peroxide  radicals,  of  hydrogen  atoms 
bound  to  the  same  carbon  atom  as  the  OH  ot  OOH  group;  chloro  derivatives  of  methane  are  chlorinated  more  readily 
than  methane,  etc.  On  the  other  hand,  however,  ethyl  chloride  is  much  more  difficult  to  chlwinate  than  ethane  [7]; 
on  treatment  of  isobutyric  acid  with  chlcxine,  hydrogen  is  detached  from  the  primary,  and  not  the  tertiary  carbon 
atom,  although  the  bond  strength  is  much  less  for  the  latter  [6]. 

We  experimentally  tested  the  possibility  of  lactone  formation  according  to  the  usual  consecutive  scheme,  i.e., 
from  substances  (IV -X). 


Fig.  1.  Kinetics  of  accumulation  of  isopropyl-p-xylene  oxidation  products 
at  160%  1)  Water  (ml/mole);  2)  acids;  3)  total  quantity  o'' lactones;  4) 
trimethylphthalide;  5)  ketones;  6)  primary  alcohols;  7)  tert.  alcohols;  8)  hy¬ 
droperoxides. 


Oxidation  of  synthetic  alcohol  (IV)  gave  3,3,5 -trimethylphthalide  (III),  which  was  identical  with  the  substance 
formed  directly  from  hydrocarbon  (I),  but  the  yield  of  (III),  reckoned  on  the  oxidized  alcohol,  was  only  3(y7o.  The 
rate  of  oxidation  of  pure  (IV)  was  much  smaller  than  that  for  hydrocarbon  (I).  Other  derivatives,  found  in  the  reaction 
mass:  2 -a cetyl -p -xylene  (XI),  acids  and  primary  alcohols,  also  are  oxidized  more  slowly  than  hydrocarbon  0).  The 
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oxidation  products  of  die  indicated  compounds  are  not  all  lactones  by  any  means  in  this  case.  On  the  one  hand,  per¬ 
oxide  and  other  radicals  react  with  the  sterically  unhindered  group  to  a  considerable  degree,  whereas  on  the  odier, 
even  the  oxidation  of  adjacent  groups  leads  in  part  to  the  formation  of  keto  alcohols,  diols,  keto  acids,  and  the  like. 


2  *  6  8  10  1i  n 

Time,  hr 


Fig.  2.  Oxidation  of  isopropyl -p -xylene  at  110*.  With  addition  of  18^o  of 
dlmethylxylylcarbinol  (IV :  1)  Water  (ml/mole);  2)  trimethylphthalide; 

3)  acids.  Without  such  addition:  4)  water;  5)  trimethylphthalide;  6)total 
quantity  of  lactones;  7)  acids. 

Of  course,  the  low  rate  of  oxidation  of  the  intermediate  compounds  taken  individually,  is  not  necessarily  a 
reliable  proof  that  they  also  are  oxidized  more  slowly  than  the  hydrocarbon,  in  the  reaction  mixture. 

In  the  oxidation  of  a  mixture  of  substances  the  ratio  of  rate  constants  for  competing  reactions  is  determined  by 
die  reactivity  of  the  components  toward  the  free  radicals  and  does  not  depend  on  the  rate  of  propagation  of  peroxide 
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Fig.  4.  Oxidation  of  isopropyl -p -xylene  at 
130°  with  additions  of  isopropylxylylcarbinols 
and  isopropyltoluic  acids.  Addition  of  2(fJo 
of  acids  (VI)  and  (XIV):  1)  Acid  accumula¬ 
tion;  2)  lactone  accumulation.  Addition  of 
l07o  of  primary  alcohols  (DC)  and  (XV):  3) 
lactones;  4)  acids. 

radicals,  the  presence  of  inhibitors,  or  the  like.  In  the  oxidation  of  the  individual  compounds  these  factors  may  be 
decisive.  Therefore  we  also, carried  out  the  joint  oxidation  of  substances  (IV),  (XI),  and  p-xylene  and  studied  the 
effect  of  additions  of  compounds  (IV),  (VI),  (DC),  and  (XI)  on  the  kinetics  of  lactone  accumulation.  It  was  found  that 
the  rates  of  oxidation  of  compounds  (IV),  (XI),  and  p-xylene  are  nearly  the  same,  and  therefore  compounds  (IV)  and 
(XI)  are  less  reactive  tiian  hydrocarbon  (I). 

As  is  evident  from  Figs.  2-4,  additions  of  the  substances  indicated  above  do  not  increase  the  yield  of  lactones. 
Finally,  if  the  latter  were  obtained  mainly  by  fast  oxidation  of  compounds  (V),  (VII),  and  (X),  the  yield  of  lactones 
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Fig.  3.  Oxidation  of  isopropyl-p-xylene 
at  130°.  With  addition  of  l^o  of  acetyl- 
p-xylene  (XI):  1)  Acids;  2)  lactones. 
Without  such  addition;  3)  lactones;  4) 
acids. 
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TABLE  1.  Autoxidadon  of  2 -Isopropyl-p- xylene  (Experiments  1-5)  and  2,5 -Diisopropyl -p- 
xylene  (Experiments  6  and  7) 
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*  Ten  mM  of  manganese  resinate  and  3  moles  of  soda  were  used  in  Experiment  1,  and 
6  mM  of  manganese  resinate  and  10  moles  of  soda  in  Experiment  7. 


and  other  substances  with  two  oxidized  alkyl  groups  would  vary  directly  with  the  hydroperoxide  concentration  in  the 
reaction  mass.  Actually,  as  is  evident  from  the  data  of  Table  1,  such  a  direct  relation  between  the  indicated  quan¬ 
tities  does  not  exist. 

Obviously  the  process  of  lactone  formation  is  mainly  based  not  on  consecutive  intermolecular  reactions,  but  on 
intramolecular  conversions  of  intermediate  products  -  free  radicals  and  hydroperoxides. 

Three  principal  routes  of  intramolecular  conversion  are  theoretically  possible:  isomerization  of  free  peroxide 
radicals,  oxidation  of  adjacent  alkyl  group  by  a  monohydroperoxide,  and  isomerization  of  alcohol  radicals.  For  one 
of  the  special  cases  the  indicated  process  may  be  represented  by  the  following  scheme  (see  diagram). 

As  is  well  known,  unimolecular  reactions  have  a  preexponential  factor  10^^  times  as  great  as  bimolecular  [8]. 

If  the  activation  energies  of  these  reactions  were  equal,  the  unimolecular  process  would  go  about  100  times  as  fast 
as  the  bimolecular,  even  in  the  liquid  phase.  Practically,  for  steric  reasons,  the  difference  between  the  activation 
energies  of  competing  intramolecular  and  bimolecular  reactions  must  be  a  positive  quantity.  According  to  approxi¬ 
mate  quantum -mechanical  calculations  the  attack  of  the  o  -bond  is  most  effective  at  an  angle  equal  to  zero  [8], 
which  is  more  easily  achieved  in  intermolecular  reactions .  However,  even  at  AE  =  2800-3600  cal  and  120“  the 
ratio  of  rates  for  the  intramolecular  and  bimolecular  processes  is  1  :  1/6. 

At  first  glance  it  may  appear  that  that  effect,  due  to  isomerization  of  peroxide  and  alcohol  radicals,  will  be 
small,  since  radicals  (A)  and  (B)  detach  a  hydrogen  atom  from  the  surrounding  molecules  before  oxygen  adds  on  to 
them,  the  concentration  of  the  latter  in  the  mixture  being  about  10"^  M.  However,  benzyl-type  radicals  are  so  stable 
that  they  detach  practically  no  hydrogen  atoms  even  from  such  active  hydrocarbons  as  cumene  and  cyclohexene  [9]. 
For  the  structurally -similar  styrene  radicals  the  rate  constant  for  oxygen  addition  is  of  the  order  of  10^  -  10^  liters/ 
/mole*  sec,  whereas  the  rate  constants  for  detachment  of  hydrogen  from  toluene  and  cumene  are  0.0024  and  0.016 
liter/mole  •  sec,  respectively  [6].  Hence  most  of  the  radicals,  obtained  as  a  result  of  isomerization,  will  react  with 
oxygen  and  will  give  lactones  and  other  substances  with  oxidiz  :d  adjacent  groups. 

In  order  to  find  out  which  of  the  three  routes  of  lactone  iwonation  is  the  principal  one,  we  performed  the  fol¬ 
lowing  experiments.  By  oxidizing  hydrocarbon  (11)  at  110“  in  the  presence  of  the  least  possible  amount  of  manganese 
resinate  and  soda,  we  obtained  a  reaction  mass  containing  9^o  hydroperoxides.  After  reduction  •  f  the  latter  with  sul¬ 
fite  and  analysis  of  the  mixture  it  was  found  that  only  a  small  amount  of  products  with  two  oxidized  alkyl  groups  is 
formed  in  the  given  case. 

We  then  studied  the  thermal  decomposition  of  9^o  hydroperoxide  in  rhe  absence  of  oxygen.  In  this  case  the 
reaction  products  included  not  only  acids,  lactones,  alcohols,  and  ketones,  jut  also  a  small  amount  of  an  inert  sub¬ 
stance  which  on  distillation  passed  into  the  alcohol  and  ketone  ctions,  as  a  result  of  which  the  sum  of  their  con- 


centratlon  was  8-10  units  less  than  lOO^o.  We  assume  that  the  indicated  inert  substance  was  l,l,6-trimethyl-5-iso- 
propylphthalane.  Since  decomposition  of  the  hydroperoxides  gives  little  of  this  substance,  it  is  quite  obvious  that  the 
intramolecular  conversion  of  monohydroperoxides  to  phthalans.  like  the  isomerization  of  peroxide  radicals,  is  not 
the  principal  cause  of  lactone  formation 

When  the  hydroperoxides  were  decomposed  in  the  presence  of  oxygen,  3,3,5-trimethyl-6-isopropylphthalide 
was  obtained  in  approximately  yield  (reckoned  on  the  oxidized  hydrocarbon);  the  same  lactone  yield  was  ob¬ 
tained  when  hydrocarbon  (II)  was  oxidized  with  cobalt  o-isopropyltoluate. 

Tliercfore  lactones  are  obtained  mainly  through  the  isomerization  of  alcohol  radicals  (see  the  scheme  given 
above).  The  indicated  mechanism  well  explains  the  absence  in  the  reaction  mass,  of  signiheant  quantities  of  keto 
acids  and  other  compounds  with  two  oxidized  alkyl  groups,  aside  from  homologs  of  3,3-dimethylphthalide,  and  also 
the  fact  that  under  severe  conditions  lactones  are  formed  practically  with  no  induction  period.  If  lactones  were  ob¬ 
tained  mainly  through  the  o -dihydroperoxide,  the  keto-acid  concentration  in  the  mixture  could  not  be  much  less 
than  the  concentration  of  3,3-dimethylphthalide  derivatives,  since  the  decomposition  of  tertiary  hydroperoxides 
usually  gives  a  considerable  amount  of  ketones  along  with  the  alcohols.  The  scheme,  based  on  the  intermediate  for¬ 
mation  of  phthalans,  is  free  from  the  last  contradiction  but  fails  to  explain  a  number  of  substantial  regularities,  e.g., 
the  fact  that  in  the  presence  of  cobalt  salts,  which  easily  decompose  hydroperoxides  with  the  formation  of  alcohol 
radicals,  the  lactone  yield  not  only  is  not  decreased,  but  often  is  even  increased. 

The  causes  of  the  low  yield  of  lactones  on  oxidation  of  o-xylene  and  4 -isopropyl-o -xylene  may  be  explained 
on  the  basis  of  the  hypothesis  on  the  principal  mechanism  of  lactone  formation,  advanced  earlier  [1,  2].  As  is  well 
known,  primary  hydroperoxides,  contrary  to  tertiary,  decompose  very  readily  according  to  the  scheme 

HCHjOOH  RCHO  -}  HaO. 

For  this  reason  the  amount  of  isomerizable  alcohol  radicals  RCH2O  •  ,  obtained  from  the  hydroperoxide,  is 
diminished. 

The  oxidation  of  hydrocarbons  (I)  and  (II)  gives  not  only  derivatives  of  3,3-dimethylphthalide,  but  also  other 
substances  which  are  readily  hydrolyzed  by  alkali  but,  contrary  to  3,3-dimethylphthalides,  are  regenerated  from  the 
alkali  salts  in  the  form  of  neutral  compounds  only  after  boiling  in  an  acid  medium.  Phthalide  and  its  homologs  (sub¬ 
stituted  in  the  nucleus)  have  such  properties,  as  was  pointed  out  earlier  [1,  2].  These  lactones  could  not  be  isolated 
in  the  form  of  individual  compounds;  however,  since  their  oxidation  gave  4-methyl-o-phthalic  acid,  they  obviously 
were  substances  with  two  oxidized  adjacent  groups.  Lactone-type  compounds  also  are  formed  in  the  autoxidation  of 
acetylxylene  (XI)  in  20-28^o  yields,  reckoned  on  the  oxidized  fxoduct.  Lactones  were  found  also  in  tars  and  high- 
boiling  products.  Possibly  they  were  formed  through  the  polymerization  of  unsaturated  lactones,  and  conversions  of 
o-keto  acids  [10]. 

The  optimum  temperature  for  synthesizing  homologs  of  3,3-dimethylphthalide  is  130-140°,  A  great  deal  of  by¬ 
products  and  tars  is  obtained  at  higher  temperatures. 

EXPERIMENTAL 

2-Isopropyl-p-xylene  (I),  b.p.  196°,  np  1.5010,  d^°  0.8762  and  2,5 -diisopropyl -p-xylene  (II),  b.p.  244°,  tn.p. 
37.4°,  were  prepared  by  alkylating  p-xylene  with  propylene  [11].  2-Acetyl-p-xylene  (XI),  b.p.  110°  (10  mm),  np 
1.5306,  was  synthesized  from  p-xylene  and  acetyl  chloride  in  the  presence  of  AICI3.  Dimethyl-p-xylylcarbinol  (IV), 
b.p.  98°  (3  mm),  m.p.  40°,  was  prepared  by  the  Grignard  reaction  from  acetone  and  2-bromo-p-xylene.  The  latter 
was  prepared  by  brominating  p-xylene  in  the  presence  of  iron;  b.p.  205°,  np  1.5503,  1.3557, 

Autoxidation  and  analysis  of  the  reaction  products  were  carried  out  as  in  tie  preceding  works  [1,  2].  Usually 
0.8-1  mole  of  hydrocarbon  (I)  and  0.2-0.3  mole  of  (II)  were  taken  for  the  experiment. 

The  main  oxidation  products  of  hydrocarbon  (I)  were;  4-methyl-3-isopropylbenzoic  acid  (XIV),  m.p.  147° 

(from  benzene);  3,3,5 -trimethylphthalide  (HI),  b.p.  297°,  m.p.  92°  (from  petroleum  ether);  2,5 -dime thy laceto- 
phenone  (XI),  semicarbazone  and  2,4-dinitrophenylhydrazone  m.p.  168  and  175°,  respectively;  4-methyl-2-isopropyl- 
benzoic  acid  (VI);  dimethyl-p-xylylcarbinol  (IV);  4-methyl -3 -isopropylbenzyl  (XV)  and  4-methyl-2-isopropylbenzyl 
(IX)  alcohols.  Yields  of  the  indicated  products  are  given  in  Table  1.  The  structure  of  acid  (XIV)  was  established 
by  oxidizing  it  to  trimellitic  acid  (m.p.  228-232°),  decarboxylation  to  o-cymene,  and  determination  of  the  ele¬ 
mentary  composition  and  neutralization  equivalent. 
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TABLE  2 


Quantity 

(g) 

Temper¬ 

ature 

Time 
(in  hr) 

Yield, ^ 

Substance  oxidized 

lactones 

acids 

Dimethylxylylcarbinol  (IV) 

25.6 

120* 

28 

2.9 

6.3 

Acetylxylene  (XI) 

64.7 

120 

10 

7J2 

23.7 

Isopropyltoluic  acids  (VI)  and  (XIV) 

28.0 

130 

20 

0.5 

0.6 

Isopropyltolylcarblnols  (XV)  and 
(IX) 

12.0 

110 

10 

1.1 

18.6 

TABLE  3 


Composition  of  the  reaction  mass  (in  ‘7’)  in 

experiment 

1 

2 

3 

4 

3,3,5 -Trimethyl-6 -isopropylphthalide 

1.6 

1.9 

15.7 

5.6 

4 -Methyl -2,5 -diisopropylbenzoic  acid 

1.2 

2.0 

3.9 

0.9 

Fraction  with  b.p.  100-125*  (2  mm) 

7.6 

7.2 

10.5 

2.0 

I  ketones 

1.9 

21.0 

26.4 

- 

^  1  tcrt.  alcohols 

Content  in  it  of:  <  ... 

j  prim,  alcohols 

81.2 

62.9 

57.7 

- 

13.5 

6.3 

11.8 

- 

'  unidentified  products 

3.4 

9.8 

4.1 

- 

Fraction  with  b.p.  125*  (2  mm)  (diols. 

1.1 

0.9 

1.6 

0.5 

kctoalcohols) 

Keto  acids 

- 

0.2 

1.3 

- 

Found  *70:  C  74.42;  H  7.74.  M  178.4.  CuHi4g^.  Calculated  *70:  C  74.13;  H  7.92.  M  178.2 

0“Cymene  had  constants  corresponding  to  the  pure,  synthetic  jMroduct  [12]:  b.p.  177*,  1.5010,  0.8790. 

Oxidation  of  o-cymene  with  nitric  acid  in  an  autoclave  gave  o-phthalic  acid;  melting  point  of  anhydride,  131*.  Acid 
(VI)  was  not  isolated  in  pure  form.  The  relative  contents  of  acids  (XIV)  and  (VI)  in  the  acid  mixture  were  80  and 
2(y7o,  respectively;  the  relative  amounts  of  primary  alcohols  (XV)  and  (IX)  were  about  the  same.  The  structures  of 
substances  (VI),  (XV),  and  (K)  were  proved  similarly  [2].  Dimethyl  isophthalate  had  m.p.  67*.  o-Phthallc  acid  was 
separated  from  isophthalic  acid  by  using  its  high  solubility  in  cold  water,  and  also  by  sublimation  in  the  form  of  the 
anhydride. 

Tertiary  alcohol  (IV)  could  not  be  isolated  from  the  reaction  mass  in  the  individual  state.  Dehydration  of  al¬ 
cohol  (IV)  gave  2,5-dimethylisopropenylbenzene,  which  was  converted  by  oxidation  to  ketone  (XI)  and  2,5-dimethyl- 
benzoic  acid,  m.p.  133*. 

Lactone  (III)  was  oxidized  with  2ff7o  nitric  acid  in  an  autoclave  to  trimellitic  acid;  cleavage  of  (III)  with  potas¬ 
sium  hydroxide  at  200*  gave  acetone  (2,4-dinitrophenylhydrazone  m.p.  123-125°)  and  p-toluic  acid,  m.p.  180*.  The 
composition  of  (III)  was  confirmed  by  elementary  analysis  and  molecular -weight  determination. 

Found  %>:  C  74.72;  H  7.02.  M  174.7  (cryoscopy  in  benzene),  176.4  (back -titration).  CuHbO^.  Calculated 
C  74.98;  H  6.87.  M  176.2. 

The  amounts  of  the  oxidation  products  of  (II)  were  determined  by  methods  adopted  by  us  earlier  [1,  2];  the 
structure  of  the  substances,  except  3,3,5-trimethyl-6-isopropylphthalide  (XVI),  was  not  specially  determined,  (owing 
to  the  symmetrical  structure  of  the  hydrocarbon  that  was  oxidized,  the  primary  and  tertiary  alcohols  and  ketones 
could  not  have  isomers.). 

The  ring  of  lactone  (XVI)  was  opened  with  somewhat  more  difficulty  by  treatment  with  alkali  than  in  the  case 
of  (III)  and  other  trialkylphthalides.  The  quantitative  conversion  of  (XVI)  to  the  hydroxy -acid  salt  required  heating 
for  2-3  hr  or  10-15  days*  contact  with  an  excess  of  1  N  KOH  at  room  temperature.  The  quantitative  determination 
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of  (XVI)  in  various  mixtures  could  be  carried  out  by  the  method  described  earlier  [2],  In  the  given  case,  however, 
the  excess  alkali  had  to  be  titrated  still  more  cautiously.  It  was  best  to  neutralize  at  a  temperature  below  -20*, 
diluting  the  mixture  beforehand  with  methanol,  and  to  use  an  alcoholic  solution  of  benzoic  or  acetic  acid  for  titra¬ 
tion.  (For  instance,  about  25%  of  the  hydroxy -acid  salt  was  converted  to  the  lactone  on  titration  with  sulfuric  acid 
at  20",  which  markedly  lowered  the  results.). 

M  (XVI)  (by  titration)  219.8.  CmMisOz.  Calculated  M  218.3. 

Decomposition  of  (XVI)  with  alkali  at  200-230*  gave  acetone  and  acid  (XIV),  m.p.  146-147",  which  proved 
the  structure  of  the  lactone.  Besides  (XVI),  m.p.  85",  b.p.  165*  (10  mm),  an  acid,  which  obviously  was  4-methyl-2,5- 
diisopropylbenzoic  acid,  m.p.  129",  was  isolated  in  pure  form  from  the  oxidation  products  of  (11). 

M  220.6.  Ci4n2o02.  Calculated  M  220.3. 

Results  of  experiments  in  oxidation  of  the  presumed  intermediate  products  of  lactone  (111)  synthesis  in  the  pres¬ 
ence  of  1  mole  %  of  cobalt  isopropyltoluate  are  given  in  Table  2. 

For  the  indicated  experiments  synthetic  alcohols  GV)  and  (XI),  an  add  mixture  containing  approximately -equal 
quantities  of  acids  (VI)  and  (XIV),  and  a  primary -alcohol  mixture  containing  80%  (XV)  and  20%  (IX),  were  used.  These 
substances  were  employed  as  additions  to  hydrocarbon  (I).  The  composition  of  the  oxidation  products  of  (II)  is  given 
in  Table  3. 

In  Experiment  1  the  reaction  mass,  obtained  by  oxidation  of  (II)  at  110*  in  the  presence  of  5  mM  of  manganese 
resinate  up  to  a  hydroperoxide  concentration  of  9%,  was  reduced  with  sulfite.  In  Experiment  2  die  same  hydroperoxide 
in  3%  concentration  was  decomposed  at  125"  in  the  absence  of  oxygen.  In  Experiment  3  further  oxidation  was  carried 
out  at  125*  until  the  hydroperoxides  were  almost  completely  destroyed.  Under  Experiment  4  the  composition  of  a 
mixture,  oxidized  approximately  to  the  same  degree  as  in  the  first  two  experiments,  in  the  presence  of  1  mole  %  of 
cobalt  isopropyltoluate,  is  given  few:  comparison. 

SUMMARY 

The  regularities  of  autoxidation  of  2-isopropyl-p-xylene  and  2,5-diisopropyl-p-xylene  in  the  presence  of  cobalt 
and  manganese  salts,  were  studied.  It  was  shown  on  the  basis  of  kinetic  data,  diat  the  main  cause  of  high  lactone 
yields  is  the  isomerization  of  alcohol  radicals,  accompanied  by  detachment  of  a  hydrogen  atom  from  an  adjacent 
alkyl  group. 

LITERATURE  CITED 

1.  R.  N.  Volkov  and  S.  V.  Zavgorodnii,  DAN  SSSR,  132,  591  (1960). 

2.  R.  N.  Volkov  and  S.  V.  Zavgorodnii,  ZhOKh,  1029  (1961). 

3.  B.  V.  Erofeev  and  A.  I.  Chirko,  Uch.  Zap.  BGU,  20,  17  (1954). 

4.  G.  Russel,  J.  Am.  Chem.  Soc.  78,  1047  (1956). 

5.  R.  N.  Volkov,  NDVSh,  Khim.  2,311  (1959). 

6.  Kh.  S.  Bagdasar’yan,  Theory  of  Radical  Polymerization  [in  Russian]  (Moscow,  1959). 

7.  E.  Kooijman,  IVth  International  Petroleum  Congress, (Moscow,  1956),  Vol.  5,  p.  228. 

8.  N.  N.  Semenov,  On  Certain  Problems  of  Chemical  Kinetics  and  Reactivity  [in  Russian]  (Moscow,  1958). 

9.  B.  A.  Dolgoplosk,  B.  L.  Erusalimskii,  V.  L.  Krol',  and  L.  M.  Romanov,  Questions  of  Chemical  Kinetics,  Catalysis, 
and  Reactivity  [in  Russian]  (Moscow,  1955),  p.  810. 

10.  D.  B.  Limaje,  J.  Univ.  Bombay,  1,  Part  2  ,  52  (1932). 

11.  A.  V.  Topchiev,  R.  N.  Volkov,  and  S.  V.  Zavgorodnii,  DAN  SSSR,  134,  844  (1960). 

12.  N.  D.  Georgiev  and  B.  A.  Kazanskii,  Izv.  AN  SSSR,  OKhN,  502  (1959). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by*letter  transliter* 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


2887 


INVESTIGATION  OF  CERTAIN  PROPERTIES  OF  ALKYL- 
CHLOROSILANES  IN  AN  ACETONITRILE  MEDIUM 

A.  P,  Kreshkov,  V,  A.  Drozdov,  and  S.  Kubiak 

D.  I.  Mendeleev  Moscow  Institute  of  Chemistry  and  Technology 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 
pp.  3099-3103,  September,  1961 
Original  article  submitted  September  30,  1960 


Alkylchlorosilanes  are  the  principal  raw  material  for  synthesizing  organosilicon  compounds  of  high  molecular 
weight,  which  are  distinguished  by  valuable  technical  properties  [1].  However,  despite  the  great  importance  of  alkyl¬ 
chlorosilanes,  their  physicochemical  properties  have  not  been  sufficiently  studied.  This  is  explained  by  the  fact  that 
alkylchlorosilanes  are  extremely  sensitive  to  water,  which  causes  them  to  decompose  with  the  formation  of  the  corre¬ 
sponding  silanols;  the  latter  are  condensed  to  polysiloxanes. 

Hydrolytic  cleavage  of  alkylchlorosilanes  takes  place  readily  even  in  the  presence  of  atmospheric  moisture. 

Since  Investigation  of  the  properties  of  alkylchlorosilanes  is  extremely  difficult,  the  study  of  their  properties  in  non- 
aqueous  media  is  of  great  theoretical  interest. 

Abrahamson  and  Reynolds  [2]  conducted  a  polarographic  investigation  of  alkyl-  (ot  aryl)chlorosilanes  in  aqueous - 
pyridine  solution  (volume  ratios  from  3  :  7  to  1  :  1).  In  this  case  the  Si-Cl  bond  was  hydrolytically  cleaved,  and  the 
pyridinium  ion,  formed  through  the  interaction  of  alkylchlorosilane  hydrolysis  products  and  pyridine,  was  reduced  at 
the  dropping -mercury  cathode.  The  polarography  recorded  the  result  of  irreversible  chemical  changes  of  alkylchloro¬ 
silanes,  and  not  the  true  behavior  of  alkylchlorosilanes  at  the  dropping -mercury  cathode.  An  investigation  of  alkyl- 
chlcMTosilanes  by  the  potentiometric  method  is  described  in  [3]. 

In  the  present  article  an  investigation  of  methylchlorosilanes  by  die  conductometric  method  is  described.  They 
were  conductometrically  titrated  in  solution  in  a  number  of  organic  solvents,  and  the  specific  and  equivalent  elec¬ 
trical  conductivities  of  individual  methylchlorosilanes  were  measured  in  acetonitrile.  The  choice  of  acetonitrile  as 
solvent  was  determined  by  a  number  of  its  characteristics.  Firstly,  acetonitrile  is  an  excellent  solvent  for  many  in¬ 
organic,  organic,  and  organosilicon  compounds;  secondly,  it  causes  increased  dissociation  of  salts,  acids,  and  bases 
in  many  cases;  thirdly,  association  in  the  liquid  state  is  less  in  acetonitrile  than  in  many  other  solvents,  e.g.,  methanol 
and  ethanol  (the  Trouton  constants  are  equal  to  20.1,  24.9,  and  26.5,  respectively).  With  respect  to  numerous  com¬ 
pounds  which  have  unshared  electrons,  acetonitrile  behaves  like  an  acid.  On  interaction  with  Lewis  acids  acetonitrile 
displays  basic  properties.  The  tendency  of  acetonitrile  to  lose  an  electron  is  less  marked  than  that  of  such  nitrogen- 
containing  solvents  as  pyridine  (the  corresponding  ionization  potentials  are  11.96  and  9.8  ev). 

According  to  Mulliken's  donor -acceptor  classification  [4],  acetonitrile  can  function  in  two  ways:  as  an  onium 
electron  donor  (a  base  containing  a  relatively  easily -ionized  unshared  electron  pair)  and  as  a  tr  -ketoid  acceptor  (in¬ 
teraction  amounts  to  the  formation  of  one  a  -bond  and  cleavage  of  one  tt  -bond). 

The  investigation  confirmed  some  of  our  theoretical  premises,  determined  by  the  above -indicated  properties  of 
acetonitrile,  in  which  medium  the  alkylchlorosilanes  behave  like  weak  acids. 

EXPERIMENTAL 

Trimethylchlorosilane,  dimethyldichlorosilane,  and  methyltrichlcxosilane  constituted  the  subject  of  our  in¬ 
vestigation.  All  compounds  to  be  tested  were  purified  by  repeated  distillation  and  had  physicochemical  constants 
corresponding  to  literature  data. 

Organic  bases,  containing  tertiary  nitrogen  atoms  (pyridine,  quinoline,  8 -hydroxy quinoline,  dimethylamino- 
antipyrine,  etc.),  were  tested  as  titrants. 

Commerical  acetonitrile  was  purified  by  the  method,  proposed  by  Walden  and  Birr  [5]  and  intended  for  the 
preparation  of  acetonitrile  with  constant  electrical  conductivity. 
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To  carry  out  the  conductometric  titration  a  Kohlrausch  bridge  was  assembled.  Instead  of  a  resistance  box  and 
slide  wire,  an  R-38  rheochord  resistance  bridge,  which  is  a  balanced  single  bridge  with  a  comparison  arm  having 
stepwise  control  and  a  continuously -variable  arm  ratio,  was  connected  into  the  system.  High-frequency  (1000  cycle) 

alternating  current  was  supplied  to  the  system  by  a  ZG-1  sound  generator. 

A  Type  INO-3M  (1957)  oscillographic  indicator  was  used  for  visual  indication 
of  bridge  balance.  A  horizontal  straight  of  minimum  thickness  on  the  oscil¬ 
lograph  screen  corresponded  to  perfect  bridge  balance. 

Titration  was  done  in  a  closed -type  25  ml  cell  with  platinized  plati¬ 
num  electrodes  (1  •  1  cm*)  sealed  into  the  ground  cover  of  the  cell  and  spaced 
5  mm  apart.  In  work  with  platinized  platinum  electrodes  the  resistances  en¬ 
countered  in  titration  are  much  lower  than  when  smooth  platinum  electrodes 
are  used;  however,  platinized  platinum  electrodes  require  careful  purifica¬ 
tion  of  the  surface  after  every  titration,  by  rinsing  the  electrodes  many  times 
with  acetonitrile. 


Fig.  1.  Conductometric -titration 
curves  of  trimethylchlorosilane 
with  pyridine  in  various  organic 
solvents.  1)  Acetonitrile;  2) 
benzonitrile ;  3)  nitromethane; 

4)  nitrobenzene;  5)  cyclohexan¬ 
one;  6)  methyl  ethyl  ketone;  7) 
methyl  butyl  ketone. 


Titrants  (ml) 


Fig.  2.  Conductometric -titration 
curves  of  methylchlorosilanes  with 
dimethylaminoantipyrine  in  aceto¬ 
nitrile.  1)  (CH3)3SiCl;  2) 
(CH3)2SiC]2;  3)  CH3SiC]9. 


The  electrical  conductivity  of  methylchlorosilanes  dissolved  in  aceto¬ 
nitrile,  was  measured  in  a  thermostated  50  ml  spherical  vessel  (the  vessel 
was  connected  to  the  R-38  rheochord  resistance  bridge). 

The  medium  for  perfOTming  conductometric  titrations  was  chosen  by 
experiment.  A  methylchlorosilane  was  titrated  with  organic  b?ises  in  various 
nonaqueous  media.  For  this  purpose  the  following  organic  solvents  were 
tested:  acetonitrile,  benzonitrile,  nitromethane,  nitrobenzene,  cyclohexan¬ 
one,  methyl  ethyl  ketone,  and  methyl  butyl  ketone. 

Curves  of  conductometric  titration  of  trimethylchlorosilane  with  pyridine 
in  various  organic  solvents  are  shown  in  Fig.  1.  As  our  investigations  showed, 
the  best  medium  for  titrating  alkylchlorosilanes  and  measuring  their  con¬ 
ductivities  was  acetonitrile. 

The  character  of  the  conductometric -titration  curves  of  methylchloro- 
silanes  with  dimethylaminoantipyrine  in  acetonitrile,  is  shown  in  Fig.  2.  The 
conductometric -titration  curves  of  various  methylchlorosilanes  with  pyri¬ 
dine,  quinoline,  and  8 -hydroxy quinoline  differ  from  the  titration  curves  of 
methylchlorosilanes  with  dimethylaminoantipyrine  in  that  they  have  a  slight¬ 
ly  smaller  sag. 


Two  characteristic  points  are  noted  on  the  conductometric -titration 
curves:  One  (the  minimum  on  the  curve)  corresponds  to  titration  by  the  base, 
of  approximately  half  the  original  quantity,  whereas  the  other  (beginning  of 
the  plateau)  ccxresponds  to  titration  of  exactly  the  total  quantity  of  the  sub¬ 
stance  being  analyzed.  The  color  change  of  the  bromcresol  purple  indicator 
(0.5*70  acetonitrile  solution)  from  colorless  to  bright  -  lemon  -  yellow,  coincides  with  the  end  point  of  the  titra¬ 
tion. 


On  interaction  with  cxganic  bases,  methylchlorosilanes  behave  like  acids,  much  as  acetic  acid  behaves  on  titra¬ 
tion  with  diethylamine  or  butylamine  in  chloroform  or  carbon  tetrachloride. 

In  this  reaction  the  compound  (CH3COOH)^  -  amine  is  formed  first,  whereas  (CH3CC)OH  -amine )^  is  formed 
when  more  amine  is  added  [6].  The  reaction  mechanism  was  proved  spectrophotometrically. 

The  analogous  chemical  processes  for  methylchlorosilanes  and  organic  bases  may  be  represented  as  follows: 

The  reaction 


2R„SiCl4_» -f- aminei:±  (2R,SiCl4_n)  •  amine, 

where  ’amine"  is  an  organic  base  (titrant),  is  completed  at  the  minimum  point.  From  there  to  the  equivalence  point 
the  process  goes  according  to  the  following  scheme: 

(2R„SiCl4_„)-aminefamineill2  [(RnSiCl4_„)*  amine] 
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The  formation  of  a  complex  of  general  formula  2RnSiCl4-n*  amine  leads  to  an  increase  in  the  conductivity  of 
the  solution  being  analyzed,  which  probably  Is  due  to  dissociation  of  the  complex.  On  the  other  hand,  the  complex 
RjjSiCii.n*  amine  Is  a  more  stable  compound;  this  leads  to  an  increase  in  the  solution  resistance,  due  to  the  decrease 
in  the  conductivity  of  the  system  being  analyzed. 

If  the  equilibrium  constants  of  the  first  and  second  processes  were  equal,  the  minimum  on  the  curve  would  corre¬ 
spond  to  titration  of  exactly  half  the  amount  of  the  original  methylchlorosilane.  It  Is  evident  from  the  figures  that  Kj 
is  greater  than  Kf. 

The  fact,  that  the  titration  of  alkylchlorosilanes  with  the  chosen  organic  bases  goes  according  to  the  proposed 
scheme,  may  be  proved  by  analyzing  conductometric -titration  curves  of  alkylchlorosilanes  with  an  organic  base  and 
an  organic  base  with  an  alkylchlorosilane  (Fig.  3).  On  titrating  a  base  with  a  methylchlcMrosilane  up  to  the  equi¬ 
valence  point  we  have  an  excess  of  the  base,  wliich  leads  directly  to  formation  of  the  final  reaction  product. 


Fig.  3.  Conductometric -titration  curves 
of  trimethylchlorosilane  with  pyridine  (1) 
and  pyridine  with  trimethylchlorosilane 
(2). 


Fig.  4.  Dependence  of  the  specific  conductivity  (x) 
and  equivalent  conductivity  (X)  (dashed  lines)  on  the 
degree  of  dilution  for  acetonitrile  solutions  of  methyl- 
chlorosilanes.  1)  (CH3)3SiCl2;  2)  (CH3)2SiCl2; 

3)  CH3SiCl3. 


In  order  to  establish  the  possibility  of  electrolytic  dissociation  of  the  methylchlorosilanes  themselves,  we 
measured  the  conductivity  of  methylchlorosilanes  in  acetonitrile  at  constant  temperature  (26°).  The  character  of  the 
change  in  the  specific  and  equivalent  conductivities  of  methylchlorosilanes  with  dilution  of  their  acetonitrile  so¬ 
lutions  Is  shown  in  Fig,  4.  As  is  evident  from  this  figure,  X  increases  with  the  degree  of  dilution  of  the  methylchloro¬ 
silane  solutions;  this  is  due  to  an  increase  in  the  degree  of  dissociation  (a)  of  the  methylchlorosilanes.  On  the  basis 
of  the  dependence  of  X  on  the  degree  of  dilution,  it  may  be  assumed  that  methylchlorosilanes  in  nonaqueous  media 
are  weak  electrolytes  and  are  governed  by  Qstwald’s  law. 

The  scheme  of  formation  of  conducting  acetonitrile  solutions  of  alkylchlorosilanes  may  be  represented,  in  the 
case  of  trimethylchlorosilane,  as  follows. 

First,  acid -base  interaction  of  the  nitrile  and  trimethylchlorosilane  takes  place,  leading  to  the  formation  of  a 
so-called  "outer"  complex: 


CH3CN  4-  (CH3)3SiCl  lilt  CH3CN  .  (CH3)3SiCl 

As  a  result  of  charge  redistribution  the  "outer"  complex  then  goes  over  to  an  "inner"  complex: 

Cn3CN  .  (CH3)3SiCl  (CH3CN  .  (CH3)3Si]+Cl- 

Finally  the  "inner"  complex  may  dissociate  with  the  formation  of  solvated  ions  according  to  the  equation: 

(CH3CN  .  (CH3)3S11+C1-  7±  [CH3CN  .  (CH3)3Si]+  4-  Cl" 

Knowing  the  mobilities  of  the  Ions,  into  which  methylchlorosilanes  dissolved  in  acetonitrile  dissociate,  one 
can  calculate  the  dissociation  constant  for  each  methylchlorosilane. 
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The  positions  of  the  maxima  on  the  curves  of  dependence  of  x  on  the  degree  of  dilution  for  methylchloro- 
silanes,  were  distributed  regularly,  which  may  give  an  indirect  indication  for  determining  the  "strength"  of  one 
methylchlorosilane  relative  to  the  others.  The  more  the  maximum  is  shifted  toward  higher  mediylchlorosllane  con¬ 
centrations,  the  greater  is  the  "strength"  of  the  methylchlorosilane.  Trlmethylchlorosllane  is  the  most  dissociated, 
methyltrichlorosilane  is  the  least,  and  dimethyldichlorosilane  occupies  an  intermediate  position. 

SUMMARY 

1,  The  interaction  of  methylchlorosilanes  and  certain  organic  bases  (pyridine,  quinoline,  8 -hydroxy quinoline, 
and  dlmethylaminoantlpyrine)  in  an  acetonitrile  medium  was  studied  by  the  conductometric  mediod. 

2.  The  dependence  of  the  specific  and  equivalent  electrical  conductivities  of  methylchlorosilanes  in  an  aceto¬ 
nitrile  medium  on  the  degree  of  dilution,  was  determined.  It  follows  from  the  character  of  the  curves  of  specific  and 
equivalent  conductivity  for  methylchlorosilanes,  that  in  an  acetonitrile  medium  methylchlorosilanes  behave  like  weak 
electrolytes  In  aqueous  solutions.  The  degree  of  their  dissociation  decreases  In  the  following  order:  trimet'nylchloro- 
silane  >  dimethyldichlorosilane  >  methyltrichlorosilane. 

LITERATURE  CITED 

1.  A.  P.  Kreshkov,  Organosillcon  Compounds  in  the  Arts  [in  Russian]  (Promstroiizdat,  1956). 

2.  E.  A.  Abrahamson  and  Ch.  A.  Reynolds,  Anal.  Ch.  1827  (1952). 

3.  A.  P.  Kreshkov,  V.  A.  Drozdov,  and  E.  G.  Vlasova,  Izv.  vysshikh  uch.  zaved.  (khim.  1  khim.  tekhnol.),  3,  1, 

85  (1960). 

4.  R.  S.  Mulliken,  J.  Phys.  Chem.  814  (1952). 

5.  P.  Walden  and  E.  J.  Birr,  Z.  Phys.  Ch.  144A,  269  (1929). 

6.  E.  A.  Jerger  and  G.  M.  Barrow,  J.  Am.  Chem.  Soc.  77,  4474,  6206  (1955). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by>letter  transliter* 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to* 
cover  English  translations  appears  at  the  back  of  this  issue. 


2891 


SYNTHESIS  OF  ALKYLPHENOLS  BY  REARRANGEMENT 
OF  ALKYLPHEN YLBORATES  IN  THE  PRESENCE 
OF  ION  EXCHANGE  RESINS 

V.  K.  Kuskov  and  A.  G.  Kostrykina 

M.  V.  Lomonosov  Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimli,  Vol.  31,  No.  9, 

pp.  3  1  04-3  1  06,  September,  1961 

Original  article  submitted  September  10,  1960 


One  of  these  authors  synthesized  alkylphenols  by  rearrangement  of  alkyl  arylborates  in  the  presence  of  catalytic 
quantities  of  sulfuric  acid  [1],  followed  by  hydrolysis.  Phenol  can  be  alkylated  in  the  presence  of  strong  cationites  [2]. 
In  this  work  we  studied  the  application  of  cationites  instead  of  sulfuric  acid  to  the  synthesis  of  alkylphenols  from  alkyl 
phenyl  borates.  The  reaction  proceeds  best  in  the  presence  of  cationite  KU-2  in  the  acid  form  (sulfonated  co-polymer 
of  styrene  and  divinylbenzene  [3]).  Weak  cationites  are  ineffective.  The  yields  are  greater  than  when  sulfuric  acid 
is  used  and  sometime  ortho-alkylphenols  (see  table)  are  also  formed.  As  in  the  presence  of  sulfuric  acid  [1],  a  paral¬ 
lel  side  reaction  occurs,  namely  the  splitting  off  of  borate  to  form  an  alkene.  The  radicals  isomerize  on  alkylation: 
n-butyl  and  propyl  -to  secondary  butyl  and  isopropyl,  isobutyl  and  isoamyl-to  tertiary  butyl  and  tertiary  amyl.  Plain 
alkylation  of  triphenyl  borate  with  trialkyl  borate  under  the  same  conditions  gives  much  poorer  results.  We  tried  to 
get  the  least  possible  di-  and  polyalkylphenols  as  was  plausible  when  the  starting  material  used  was  alkyl  diphenyl 
borate,  i.e.,  when  there  was  a  deficiency  of  alkylating  agent.  Since  the  hydroxyl  group  of  phenol  was  "shielded" 
during  alkylation,  the  phenols  obtained  had  no  non-phenolic  impurities.  It  was  noted  that  under  the  reaction  con¬ 
ditions  the  cationite  KU-2  partially  decomposed. 

EXPERIMENTAL 

Propyldiphenylborate  was  prepared  from  94  g  phenol,  30  g  propanol,  and  31  g  boric  acid  in  the  presence  of 
30  ml  benzene,  as  described  in  [1]. 

Synthesis  of  isopropylphenols.  To  the  propyldiphenylborate  prepared  as  above  was  added  5  g  cationite  KU-2 
(in  the  acid  form)  and  the  mixture  was  boiled  until  no  more  water  separated.  Gases  escaping  through  the  condenser 
were  absorbed  in  bromine  water  in  two  Tishchenko  flasks.  After  4.5  hours  4.8  ml  water  was  distilled  off;  the  temper¬ 
ature  was  gradually  raised  from  177  to  185°;  the  mixture  darkened  and  became  viscous.  To  it  was  added  200  ml  of 
7%  NaCl  solution,  and  all  boiled  for  one  hour.  The  liquid  was  filtered  on  a  heated  funnel  to  separate  the  cationite. 
The  filtrate  was  cooled,  the  oily  layer  twice  extracted  with  40  ml  benzene,  the  precipitated  boric  acid  filtered,  and 
the  filtrate  again  extracted  with  20  ml  benzene.  The  benzene  extracts  were  combined,  washed  with  a  3^o  solution 
of  soda  and  water,  dried  with  calcined  magnesium  sulfate,  the  benzene  distilled  off,  and  the  phenols  vacuum  distilled 
from  a  Favorski  flask  provided  with  a  10  cm  high  fractionating  column.  This  yielded  65.2  g  of  refluxed  phenol  and 
23.1  g  isopropylphenols,  b.p.  116-145°  (50  mm).  The  mixture  of  isopropylphenols  thus  obtained  was  distilled  at  2.3 
mm  in  a  column  provided  with  a  glass  addition  of  12  theoretical  plates  efficiency.  Yield:  1)  Phenol,  0.8  g,  b.p. 
48.5°;  2)  o-isopropylphenol,  7.0  g,  b.p.  61.5°;  3)  o-isopropylphenoxyacetic  acid,  m.p.  130-131°  (from  water);  4)  p- 
isopropylphenol,  15.2  g,  b.p.  74.5°,  m.p.  60°  (from  petroleum  ether);  5)  p-isopropylphenoxyacetic  acid,  m.p.  80° 

(from  water).  The  constants  of  these  substances  agree  with  literature  data  [4,  5].  The  liquid  from  both  Tishchenko 
flasks  was  combined,  the  oily  layer  separated,  washed  with  a  solution  of  potash  and  water,  dried  with  anhydrous  mag¬ 
nesium  sulfate,  and  distilled.  This  yielded  5.6  g  of  1,2-dibromopropane,  b.p.  142-145°,  n^  1.9254,  which  agrees 
with  literature  data  [6]. 

The  alkylations  with  diphenylbutyl-,  isobuty-,  and  isoamyl  borates,  done  analogously.  For  the  preparation  of 
diphenylisoamyl  borate,  the  amyl  alcohol  from  fermentation,  b.p.  129-132°,  was  used.  sec-Butylphenols  were  dis¬ 
tilled  in  a  column  of  12  theoretical  plates  efficiency.  tert-Butylphenols  and  amyiphenols  are  easily  separated  on 
vacuum  distillation  in  a  Widmer  spiral  12  cm  high.  The  results  are  given  in  the  table.  In  all  experiments  the  quan¬ 
tity  of  phenol  was  94  g;  KU-2,  5  g. 
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Conditions  and  Results  of  Alkylphenols  Synthesis 
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SUMMARY 

It  was  shown,  that  when  alkylphenyl  estej-s  of  boric  acid  are  heated  in  the  presence  of  a  strong  cationite,  a 
rearrangement  of  alkylphenyl  borates  takes  place;  alkylphenols  are  obtained  by  hydrolysis  of  the  rearrangement  prod 
ucts. 
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Organic  tin  compounds  are  used  as  stabilizers  for  halogen  containing  polymeric  materials,  and  also  for  the 
synthesis  of  polymers  (on  the  basis  of  organotin  esters  of  unsaturated  acids  [1,  2]). 

Starting  with  the  position  of  tin  in  the  periodic  chart  of  elements,  where  its  immediate  analogs  are  silicon  and 

I  I 

germanium  which  are  able  in  many  instances  to  form  polymeric  chains  of  the  type  . .  .  — Mo — O  —Me — O —  . . . 

I  I 

similar  compounds  can  be  expected  with  a  tin  atom  in  a  macromolecular  chain.  Such  polymers  were  obtained  in  the 
present  wtxk  (polyorganostannoxanes,  polyorganotin  silicones,  and  others),  but  the  molecular  weight  of  the  polymers 
was  small  (no  more  than  2000  in  a  number  of  cases)  [3-7].  The  best  polymerization  stage  for  polyorganostannoxanes 
(about  10)  was  reached  when  dibutyltin  acetate  was  tteated  in  vacuo  by  humid  air  for  a  comparatively  long  time  [8]. 

The  present  work  was  undertaken  in  order  to  study  possible  syntheses  of  polyorganostannoxanes  based  on  some 
dialkyltin  dichlwides  of  the  general  formula  RjSnCl®,  where  R  =  QHs  and  C3H7. 

The  initial  products  were  prepared  by  the  method  proposed  by  Kocheshkov  [9].  Diethyltin  dichloride  and  di- 
propyltin  dichloride  are  white,  crystalline  compounds,  which  dissolve  in  water.  When  heated  in  aqueous  solution, 
gradual  hydrolysis  occurs  and  infusible  and  insoluble  dialkyltin  oxides  f(x:m. 

We  prepared  alkyltin  acetates  in  an  aqueous  medium  by  the  action  of  acetic  acid  salts  on  the  corresponding 
dialkyltin  dihalides.  As  was  to  be  expected,  we  obtained  instead  of  the  dialkyltin  acetates  the  products  of  their  hy¬ 


drolysis  and  condensation,  i.e.,  compounds  of  the  type 


CllaCOO 


“R~l 

I 

SnO 

1 

H 


R 

I 

SnOGOCHa, 

I 

-R 


where  n  =  2-3.  The  fol¬ 


lowing  schemes  represent  their  formation  processes: 


K 


R 


CHaCOO-Sn— OCOCH3  +  H2O 

I 

R 


CHaCOO-Sn— OH 

I 

R 


+  CHaCOOH 


(1) 


R  R  R  R 

CHaCOO— Sn— OH  f  CHaCOO— Sn— OCOCHa  CHaCOO—Sn— O—Sn—OCOCHa -f  CHaCOOH 

I  I  II 

R  R  R  R 


R  R  R  R 

II  II 

CH3COO— Sn— OH  f-  OH-Sn— OCOCHa  CHaCOO-Sn—O—Sn— OCOCHa  -f  HjO  (3) 

II  II 

R  R  R  R 


(2) 


(3) 
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TABLE  1 


Compounds 

M 

Acetate 

Content,  °fo 

i 

groups, 

% 

Sn 

c 

H 

0 

Polyethylstannoxane 

acetate . 

706 

14.6 

A/. 

OA  A  A 

4.92 

16.03 

Hexaethyltristannoxane 
acetate . 

681 

17.34 

52.4 

28.6 

5.29 

14.2 

Octaethyltetrastannoxane 
acetate . 

874 

13.51 

54.4 

27.5 

5.27 

12.83 

Polypropylstannoxane 
acetate . 

898 

11.70 

The  reactions  were  conducted  at  0,  20,  and  50*.  In  the  synthesis  of  polyethylstannoxane  acetates  the  substances 
obtained  at  50"  did  not  fully  dissolve  in  benzene  due  to  the  presence  of  diethyltin  oxide  as  an  impurity,  but  the  yield 
was  maximum.  Compounds  obtained  at  0  and  20"  were  very  soluble  in  organic  solvents  and  were  similar  in  molec¬ 
ular  weight  (714  and  782);  but  the  yield  was  almost  2.5  times  greater  when  the  reaction  was  conducted  at  20".  At 
that  temperature  polyethylstannoxane  acetates  were  also  obtained.  The  ratio  of  the  components  was  equimolecular. 

In  order  to  prevent  the  formation  of  diethyltin  oxide,  we  added  about  5^o  by  weight  of  acetic  acid  to  the  solution  of 
sodium  acetate,  to  maintain  a  pH  <  7.  The  best  temperature  for  the  synthesis  of  polypropylstannoxane  acetates  turned 
out  to  be  50*.  There  the  product  obtained  was  soluble  in  benzene  and  other  organic  solvents.  The  yield  was  about 
70^0.  The  results  of  the  study  of  polyorganostannoxanes  obtained  by  us  are  given  in  Table  1;  for  the  sake  of  com¬ 
parison,  specific  characteristics  of  individual  compounds  are  included. 

The  molecular  weight  given  in  Table  1  should  be  regarded  as  average,  since  the  products  are  mixtures  of  poly¬ 
meric  homologs,  as  brought  out  by  the  interval  in  their  fusibility.  Further  conversions  of  these  compounds  were 
studied  by  us.  The  possibility  of  increasing  the  molecular  weight  of  polyalkylstannoxane  acetates  by  their  treatment 
in  vacuo  with  humid  air  and  at  different  temperatures  was  studied.  The  nature  of  the  conversion  taking  place  here 
can  be  imagined  by  the  schemes  of  reactions  (1),  (2),  and  (3)  given  above.  The  heating  and  vacuum  promote  the 
removal  of  acid  and  water  formed,  but  all  the  time  water  is  being  added  to  the  reaction  from  air  through  a  capillary 
(the  air  is  first  passed  through  a  water  layer  at  85-90").  The  arrangement  Is  equipped  with  a  vacuum  trap  placed  in 
a  Dewar  flask  with  liquid  air  to  collect  the  acetic  acid  and  water.  The  residual  pressure  5-6  mm.  Time  of  process 
3-32  hours.  The  products  were  solid  and  waxy  substances,  from  white  to  gray  in  color  (depending  on  the  time  and 
temperature  of  the  treatment).  With  a  few  exceptions,  they  give  a  slightly  turbid  solution  or  even  a  precipitate  when 
dissolved  in  organic  solvents.  An  increase  in  the  reaction  temperature  somewhat  increases  the  molecular  weight  of 
the  soluble  portion  of  the  products,  but  their  solubility  greatly  decreases.  The  same  changes  take  place  with  alkyl- 
stannoxane  acetates  when  the  time  of  their  treatment  with  humid  air  in  vacuo  is  increased. 

Table  2  gives  the  dependency  of  some  properties  of  the  products  on  the  reaction  conditions. 

We  did  not  succeed  in  increasing  the  molecular  weight  significantly  by  the  method  described  above;  the  solubil¬ 
ity  of  the  polymer  became  worse.  The  following  elementary  analysis  was  obtained  for  the  insoluble  (in  benzene  and 
other  organic  solvents)  portion  obtained  on  vacuum  treatment  of  polyethylstannoxane  acetate  at  180-185"  for  6  hours: 
60.38^0  Sn,  15.36®7o  C,  3.03®/o  H,  21.22Ph  O.  Comparing  these  data  with  the  elementary  composition  of  the  nucleus  of 
polyethylstannoxane  chains  -Sn  (C2H5)2-0  (61.7^o  Sn,  24.97o  C,5.18^o  H,  8.28  O),  one  can  see  that  the  percentage 

content  of  oxygen  increased  at  the  expense  of  (a  decrease)  the  content  of  carbon  and  hydrogen.  One  can  assume,  that 
separate  chains  of  molecules  are  connected  with  one  another  by  oxygen  atoms,  replacing  the  ethyl  radicals.  This 
replacement  evidently  takes  place  in  the  following  manner:  The  organic  radicals  linked  with  a  tin  atom  are  capable 
by  the  action  of  organic  acids  and  under  certain  conditions  [11,  12]  of  being  substituted  by  acid  radicals  with  the  for¬ 
mation  of  the  corresponding  liydrocarbons.  The  acetic  acid  formed  as  a  result  of  the  condensation  promotes  the  cleav¬ 
age  of  the  alkyl  radicals  with  the  formation  of  acetate  groups  in  the  side  chain  of  polymeric  molecules.  At  the  point 
of  these  acetate  groups  occurs  a  "sewing  together"  of  molecules,  resulting  in  difficultly  soluble  or  insoluble  compounds, 
The  given  method  gave  no  considerable  increase  in  the  molecular  weight  because  the  water  introduced  into  the  re¬ 
action  zone  effected  hydrolysis  of  the  polymers,  which  became  stronger  with  increased  temperature  and  process  time. 
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TABLE  2 


Initial  compounds 

Reaction 

temperature 

Reaction 
time  (in 
hours) 

Solubility  in 
benzene 

M 

Polyethylstannoxane  acetate  (mo.  wt.  796) 

135-140 

3 

Complete 

812 

6 

884 

12 

908 

Polyethylstannoxane  acetate  (mol.  wt.  796) 

155-160 

3.5 

Turbidity  on 

762 

7 

solution 

803 

12 

1028 

Polyethylstannoxane  acetate  (mol.  wt.  796) 

180-185 

2 

Much  turbidity 

- 

4 

Precipitate 

- 

6 

Same 

- 

Polypropylstannoxane  acetate  (mol.  wt.  898) 

135-140 

3.5 

Complete 

1060 

7 

1132 

12 

1169 

19 

1271 

Polypropylstannoxane  acetate  (mol.  wt.  898) 

155-160 

20 

Turbidity  on 

1147 

32 

solution 

1169 

When  the  initial  as  well  as  synthesized  alkylstannoxane  acetates  were  heated  with  aqueous  solutions  of  alkalis, 
more  extensive  conversions  took  place  than  the  expected  saponification  of  terminal  acetate  groups,  and  products 
which  did  not  dissolve  in  organic  solvents  were  formed.  Because  of  the  relative  hydrolytic  instability  of  the  ester 
bond  [10]  the  cleavage  of  acetate  groups  happened  on  prolonged  heating  of  polyalkylstannoxane  acetates  with  a  large 
excess  of  water. 


CH3COO 


Sn-0 

I 

..R 

rR 


HO— 


Sn-0 

I 

LR 


R 

I 

— Sn-0C0CH3  +  2H20 

I 

R 

R 

I 

— Sn— OH  f  2CH3COOH 

I 

R 


(4) 


The  shift  in  the  equilibrium  of  this  reaction  was  accomplished  by  the  excess  of  water,  and  repeated  replace¬ 
ment  of  the  solution  above  the  precipitate  with  distilled  water.  The  acetic  acid  was  titrated  with  an  alkaline  so¬ 
lution.  The  saponification  products,  i.e.,  dihydroxyalkylstannoxanes,  are  white,  brittle  substances,  which  pulverize. 
They  start  to  melt  at  200°,  and  at  once  again  solidify;  they  are  difficultly  soluble  in  benzene  and  dioxane  on  heating. 
The  molecular  weight  of  the  soluble  portion  is  between  900  and  1000.  Without  doubt  the  presence  of  two  terminal 
hydroxyl  groups  in  compounds  of  this  type  is  interesting  from  the  view  point  of  their  possible  polycondensation  with 
suitable  di-  and  poly  functional  compounds  (to  obtain  polymeric  materials). 

We  used  the  dihydroxypolyalkylstannoxanes  for  condensation  with  polyalkylstannoxane  acetates.  The  reaction 
was  conducted  in  a  flask  equipped  with  a  Dean  and  Stark  trap  at  160-200°  at  various  time  intervals.  The  reaction 
mass  strongly  thickened  and  in  the  end  was  a  soft,  slightly  brown,  clear  mass,  which  hardly  dissolved  in  organic  sol¬ 
vents  and  somewhat  softened  at  250°.  Such  behavior  of  the  resinous  substances  obtained  indicates  the  presence  of 
a  steric  structure  of  the  polymer  molecules.  It  is  obvious,  that  in  order  to  get  soluble  products  one  must  conduct  the 
condensation  in  a  manner  where  the  acetic  acid  formed  is  removed  as  fast  as  possible  from  the  reaction  medium. 

EXPERIMENTAL 

Synthesis  of  polyethylstannoxane  acetates.  Concentrated  aqueous  solutions  of  50  g  diethyltin  dichloride  and 
56.8  g  sodium  acetate  to  which  1.75  g  acetic  acid  had  been  added,  were  combined  under  stirring  at  20°  and  main- 
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TABLE  3 


Compound  i 

Content  of  hy¬ 
droxyl  group.  ^0 

M 

Content 

Verley 

Chugaev- 

Zerevitino 

V 

Sn 

c 

H 

O 

Dihydroxypolyethylstannoxane 

4.38 

3.54 

930 

60.06 

24.45 

4.59 

11.00 

1,4-Dihyaroxyoctaethyltetrastan- 

4.30 

4.30 

790 

60.3 

24.3 

5.32 

10.08 

1 , 5-  Dihydroxydecaethylpentastan- 
noxane 

3.76 

3.76 

983 

60.51 

24.4 

5.29 

9.80 

Dihydroxypolypropylstannoxanc 

1163 

1 

- 

tained  under  those  conditions  for  1.5  hours.  Then  the  precipitate  was  filtered,  washed  with  distilled  water,  and  dried 
first  in  air,  then  in  a  vacuum  cabinet  at  temperatures  not  exceeding  50°.  Yield:  54-55^o.  Molecular  weight  (cryo- 
scopically  in  benzene  solution)  700-720.  Elementary  composition:  52.64^o  Sn,  26.41*70  C,  4.10^o  H. 

Synthesis  of  polypropylstannoxane  acetates.  To  a  concentrated  aqueous  solution  of  21.3  g  sodium  acetate  was 
added  at  50°  a  solution  of  20.7  g  dipropyltin  dichloride  in  methanol.  At  the  given  temperature  the  mixture  was 
agitated  for  1.5  hours,  then  the  filtrate  precipitated,  washed  with  distilled  water,  and  dried.  Yield:  17.6  g  (70.5*70). 
Molecular  weight:  883-914. 

Synthesis  of  dihydroxypolyethylstannoxane.  To  an  exactly  weighed  portion  of  polyethylstannoxane  acetate  (no 
more  than  10  g)  placed  in  a  flask  with  a  reflux  condenser  was  added  500  ml  distilled  water  and  the  mixture  was  heated 
while  boiling  for  five  hours.  Then  the  liquid  was  deeanted  and  to  check  the  completeness  of  saponification,  titrated 
with  a  0.5  N  alkali  solution  in  the  presence  of  phenolphthalein.  The  residue  was  again  treated  with  500  ml  distilled 
water  and  again  boiled  for  five  hours.  This  operation  was  repeated  several  times.  The  yield  was  no  more  than  60*7o. 

Some  properties  of  dihydroxyalkylstannoxanes  prepared  by  us  are  given  in  Table  3;  for  the  sake  of  comparison, 
specific  properties  of  individual  products  are  also  given. 

Condensation  of  polyethylstannoxane  acetates  with  dihydroxypolyethylstannoxanes.  The  given  products  were 
charged  in  a  molecular  ratio  of  1  :  1  into  a  flask  provided  with  an  agitator  and  a  trap  for  side  products  of  the  reaction. 
The  first  three  hours  the  temperature  was  maintained  at  160°,  then  at  200°  for  the  next  five  hours.  After  completion 
of  the  reaction  some  drops  of  an  acid  liquid  were  found  in  the  trap.  The  product  obtained  was  a  sticky,  transparent, 
light  brown  substance.  Yield:  8.9  g  (about  8(flo). 

SUMMARY 

1.  When  a  reaction  was  conducted  between  dialkyltin  dichlorides  and  sodium  acetate  in  an  aqueous  solution, 
no  monomeric  dialkyltin  acetates  were  obtained,  but  products  of  their  hydrolysis  and  condensation,  namely,  poly¬ 
alky  Istannoxane  acetates  with  a  degree  of  condensation  n  =  3-4.  When  they  were  heated  with  water,  the  corresponding 
dihydroxyalkylstannoxanes  with  a  fixed  content  of  hydroxyl  groups  were  obtained. 

2.  When  polya  Iky  Istannoxane  acetates  (alkyl,  ethyl,  propyl)  were  treated  with  humid  air  in  vacuo  at  various 
temperatures,  no  significant  increase  in  the  molecular  weight  of  the  given  compounds  was  attained. 

3.  When  polyalky  Istannoxane  acetates  were  condensed  with  dihydroxypolyalkylstannoxanes,  the  resulting  prod¬ 
ucts  were  resinous  substances  insoluble  in  usual  organic  solvents. 
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2899 


INTRAMOLECULAR  CONVERSIONS  OF  N-ACYL  DERIVATIVES 
OF  a.y -DIAMINOBUTYRIC  ACID 

A.  B.  Silaev,  G.  S.  Katrukha,  and  H.  A.  Kyz'mina 

Translated  from  Zhurnal  Cbshchel  Khimli,  Vol.  31,  No.  9, 
pp.  3111-3115,  September,  1961 
Original  article  submitted  August  22,  1960 


As  shown  in  a  previous  communication  [1],  it  was  discovered  in  the  Albumin  and  Antibiotics  Laboratory  of  the 
chemical  faculty  of  Moscow  State  University  that  when  polymyxin  M  is  kept  thermostatically  in  a  0.1  N  ammonia 
solution  for  3.5  days  at  37*,  the  antibiotic  is  almost  completely  inactivated.  We  showed,  that  under  those  conditions 
a  type  of  isomerization  not  described  in  the  literature  takes  place  in  the  peptides  of  a,  y  -diaminobutyric  acid,  namely 
migration  of  the  acyl  radical  from  the  a-  to  the  y  -amino  group  of  a,  y  -diaminobutyric  acid  (N  a  -♦  NX  migration). 

In  order  to  prove  this  migration,  we  selected  for  the  synthetic  model  ot-caprylyl-a,  y  -diaminobutyric  acid, 
which  with  0.1  N  ammonia  preserved  the  activity  lost  under  those  same  conditions  by  polymyxin  M.  The  resulting 
mixture  of  substances  (mixture  X)  was  studied  electrophoretically  in  several  electrolytes.  The  mixture  X  divided 
into  two  substances  with  almost  identical  intensity  of  spots,  ccxresponding  to  a-caprylyl-  and  y  -caprylyl-  a,  y  - 
diaminobutyric  acids  (see  Figure  1).  In  addition,  electrophoresis  in  an  electrolyte  of  pH  3  disclosed  a  spot  which  was 
intermediate  between  ot-caprylyl-  and  y -caprylyl- ct,  y -diaminobutyric  acid,  and  which  consequently  was  of  inter¬ 
mediate  basicity  (Figures  1  and  2). 

To  demonstrate  the  conversions  described  above  more  graphically  caprylyl  derivatives  of  diaminobutyric  acid 
and  mixttire  X,  were  fully  dinitrophenylated  and  hydrolyzed  by  6  N  hydrochloric  acid  at  110“  over  a  period  of  24  hours. 


1)  CH3(CH2)oCO— NH— CH— C’OOH 

dua 

(!h2 
I 


NO, 

^-NO, 


CH3(CH2)e— CO— NH— CH— COOH 

dll. 


NHj  HaN.-CH-COOH  -e- 

^  (CH2)2’^^ 

NH— NO: 


2)  CH3(Cn2)6CO-NH-CH2-CH2-CH-COOH 

7  I 

NH2 

a 

CH3(CH2)8C0— NH-CHa— CH2— CH— COOH 


CH2 

NH— ^-NO, 

r 

NO2 


NO. 

r-<^ _ ^-NO, 


NH-<^  ^-NOa 

I 

NO2 

HaN— CHa— CHa— CH— COOH 

NH— S— NOa 


6  N  HCl 

110“ 

24  his 


NO, 


2900 


The  hydrolysis  products  were  studied  electrophoretically  in  a  copper  acetate  buffer.  In  the  hydrolyzate  of  mix 
ture  X  we  found  ct-DNP-  as  well  as  y  -DNP-  a,  y  -diaminobutyric  acid  (see  Figure  2). 


Fig.  1.  a-Caprylyl-a,  y  -diaminobutyric  acid;  2)  mixture  X;  3) 
y  -caprylyl-  a,  y  -diaminobutyric  acid.  Explanation  in  text. 

From  the  given  data  it  follows,  that  mixture  X  consists  of  a-  and  y  -isomers  of  a,  y  -diaminobutyric  acid. 

It  was  interesting  to  find  out  whether  the  reverse  phenomenon  of  -♦  N®  migration  takes  place  in  an  acid 
medium.  For  this  purpose  we  treated  y  -caprylyl-  a,  y  -diaminobutyric  acid  thermostatically  at  37*  widi  6  N  hydro- 
chlOTic  acid  over  a  period  of  3.5  days.  Then  the  mixture  dius  obtained  (mixture  Y)  was  studied  electrophoretically, 
it  was  found  that  the  mixture  consisted  of  a-caprylyl-  and  y -caprylyl- a,y -diaminobutyric  acid,  free  a,  y -diamino¬ 
butyric  acid,  and  of  a  substance  which  we  did  not  identify  and  which  moved  before  a-caprylyl-a,  y -diaminobutyric 
acid  (see  Figure  3). 


Under  the  conditions  shown  above,  evidently,  partial  conversion  of  the  y -isomer  to  the  a -Isomer,  l.e.,  NT-* 

-♦  N®  migration,  takes  place. 

It  follows  from  experimental  data,  that  mixture  X  obtained  when  a-capryl-a,  y  -diaminobutyric  acid  was  pre¬ 
served  under  conditions  where  polymyxin  M  becomes  inactive  (basic  medium)  contains,  together  with  a-caprylyl -a,y - 
diaminobutyric  acid,  also  y  -capyryl-a,a-diaminobutyric  acid.  Evidently  the  acyl  residue  of  the  capyrylic  acid 
migrates  from  the  a-  to  the  y  -amino  group  of  a,y  -diaminobutyric  acid  (N“  ->  migration),  which  process  can 
be  represented  by  the  following  equations. 


CH3(CHj.)e— CO-NH— CH— coon 

(1)  I 

CHa 

I 

CHa 

I 

NHa 

7 


no 

\ 

cn3(cna)6— c — Nil 

\ 


cn-coon 
\ 

CHa 

^Nll-CIla'^ 

7 

(H) 


cn3(cna)6— CO— NH—Cna— CHa— cn-coon 
(III)  I 

Nila 


We  think  that  a  similar  process  can  proceed  via  the  intermediate  (II),  which  is  of  intermediate  basicity.  To 
this  evidently  belong  the  spots  which  on  the  electrophoresis  diagram  are  between  a-caprylyl-  and  y  -caprylyl- 
a,  y  -diaminobutyric  acid  (see  Figure  1,  1). 

It  is  characteristic,  that  when  y  -caprylyl-  a,  y  -diaminobutyric  acid  Is  preset  /  id  in  acid  medium,  the  elec¬ 
trophoresis  diagram  shows  spots  which  correspond  to  y  -caprylyl-  a,  y  -diaminobutyric  acid,  the  a-isomer,  and  the 
free  acid.  This  indicates,  that  under  selected  conditions  the  reverse  migration  of  the  acyl  radical  from  caprylic  acid, 
-N^  ->  takes  place. 

The  conversions  described  above,  taking  place  under  rather  mild  conditions,  testify  to  the  instability  of  the 
amide  bond,  and  also  of  the  peptide  bond  in  peptides  of  a,  y  -diaminobutyric  acid. 
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EXPERIMENTAL 

Synthesis  of  mixture  X,  Synthetic  a-caprylyl-a,  y -diaminobutyric  acid  (40  mg)  was  dissolved  in  5  ml  0.1  N 
ammonia  and  kept  thermostatically  at  37*  over  a  period  of  3.5  days.  Then  the  mixture  was  several  times  vacuum 

steam  distilled,  the  residue  was  dissolved  in  4  ml  aqueous  ethanol,  and  the 
resulting  solution  was  studied  electrophoretically  (see  Figure  1). 


4  0 

2-  6 

3  ^  0 

«■  0 

■4  0 

Fig.  2.  a-DNP-a,  y  -diamino¬ 
butyric  acid;  2)  y-DNP-  a,  y -di¬ 
aminobutyric  acid;  3)  complete 
hydrolyzate  of  DNP -mixture  X; 

4)  complete  hydrolyzate  of  a- 
caprylyl-y  -DNP-  a,  y  -diamino¬ 
butyric  acid;  5)  complete  hy¬ 
drolyzate  of  y  -caprylyl-  a-DNP- 
(X,  y -diaminobutyric  acid,  20V/cm, 
4  hours. 


Complete  dinitrophenylation  on  paper.  The  solution  of  mixture  X 
obtained  as  described  above  was  placed  on  paper  strips  12  •  20  cm,  5  cm 
from  the  end,  6  fil  at  each  point,  and  this  was  treated  under  heating  in  a 
stream  of  warm  air  with  a  water-alcohol  solution  of  2,4- iinitrofluoroben- 
zene  of  30  mg/ml  concentration.  The  paper  strips  were  kept  for  three 
hours  in  a  trimethylamine  atmosphere.  The  trimethylamine  was  removed 
with  a  stream  of  air.  The  side  products  of  dinitrophenylation  were  washed 
out  with  benzene,  and  a  saturated  \^o  solution  of  acetic  acid  (1  :  1).  The 
DNP  derivatives  of  mixture  X  were  eluated  from  the  paper  with  glacial 
acetic  acid.  The  y  -caprylyl-  and  y  -caprylyl-  a,y  -diaminobutyric  acids 
were  dinitrophenylated  in  an  analogous  manner. 

Complete  hydrolysis  of  DNP  derivatives  [2].  Hydrolysis  of  eluated 
substances  from  paper  was  done  in  sealed  ampules  in  a  mixture  of  equal 
volumes  of  glacial  acetic  acid  and  concentrated  hydrochloric  acid  at  110° 
over  a  24  hour  period.  The  hydrolyzates  were  vacuum  distilled,  dissolved 
in  aqueous  acetone,  and  used  for  electrophoretic  study. 


Synthesis  of  mixture  Y.  y  -Caprylyl-  a,  y  -diaminobutyric  acid 
(^0  mg)  was  dissolved  in  5  ml  6  N  hydrochloric  acid  and  kept  thermostatical 
j|  g  ly  at  37°  for  3.5  days.  The  resulting  mixture  was  several  times  vacuum 

steam  distilled,  the  residue  dissolved  in  aqueous  ethanol,  and  studied  elec- 
2  -  Q  00  0  trophoretically. 


J  0 

4  0 

Fig. 3.  a-Caprylyl-a,y  -diamino¬ 
butyric  acid;  2)  mixture  Y;  3) 
y  -caprylyl-  a,  y  -diaminobutyric 
acid;  3)  a,  y  -diaminobutyric 
acid.  Electrolyte:  1  N  CH3COOH; 
20  V/cm,  2  hours. 


Conditions  of  electrophoresis.  The  electrophoresis  was  done  in  an 
apparatus  constructed  in  the  labtxatory  of  albumin  and  antibiotics  chem¬ 
istry.  It  operates  on  the  principle  of  the  wet  Durrum  camera  [3].  We  used 
the  chromatographic  paper  of  the  Leningrad  Volodarski  works  (1958).  For 
the  electrophoresis  we  used  strips  34  •  10  cm.  The  solutions  to  be  studied 
were  placed  on  the  paper  strips  one  cm  from  the  middle  line,  4-6  fil  at 
each  point.  As  a  source  of  supply  we  used  a  high  voltage  VVS-1  rectifier. 
Benzidine  was  used  to  develop  the  electrophoresis  diagram  with  the  N-acyl 
derivatives  of  a,  y -diaminobutyric  acid. 


The  following  electrolytes  were  used  for  electrophcxesis  of  mixtures 
X  and  Y:  1)  IN  acetic  acid;  2)  buffer  of  pH  2,8:  acetic  acid— 85^o  formic  acid— water  (15  :  10  :  2985);  3)  buffer 
of  pH  3.0:  2.6  ml  8?7o  formic  acid,  diluted  to  1  liter  with  water  and  brought  to  pH  3.0  by  addition  of  pyridine. 


For  the  electrophoresis  of  DNP  derivatives  of  a,  y  -diaminobutyric  acid  we  used  copper -acetate  buffer:  2  ml 
acetic  acid  -0.6  ml  pyridine -497.4  ml  water -0.5  g  copper  acetate. 

SUMMARY 

1.  We  discovered  a  type  of  isomerization,  not  described  in  the  literature,  of  N-acyl  derivatives  of  a,  y  -di¬ 
aminobutyric  acid,  i,e.,  -  N“  N)'  migration. 

2.  It  was  shown  that  in  acid  medium  the  reverse  process  NT  -*•  N“  migration,  takes  place. 
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In  recent  years  an  intensive  study  has  been  made  of  the  action  of  ionizing  radiation  on  aqueous  solutions  of 
mono-,  di",  and  polysaccharides  [1-4].  The  authors'  attention  has  centered  mainly  on  the  study  of  highly  diluted 
aqueous  solutions  (concentration  from  0.01  to  0.1  M),  for  which  it  has  been  correctly  assumed  that  the  basic  action 
of  irradiation  is  directed  to  the  water  molecules;  direct  activation  of  the  molecule  of  the  irradiated  object  can  be 
disregarded.  Under  these  conditions  water  molecules  are  decomposed  into  atomic  hydrogen  and  OH  radicals.  The 
reaction  products  of  the  water  "oxols"  with  the  subject  being  studied  and  with  themselves  appear  to  be  the  only  products 
resulting.  For  concentrated  solutions  the  latter  proposition  is  not  necessarily  correct.  As  shown  by  a  series  of  in¬ 
vestigators  [5,  6],  on  radiolysis  of  concentrated  aqueous  salt  solutions  considerable  change  in  product  yield  takes 
place  (calculated  per  100  ev),  depending  on  the  concentration,  this,  in  the  authors'  opinion,  being  an  indication  of 
the  excitation  of  the  salt  molecules  under  investigation  themselves. 

Radiolysis  products  of  dilute  aqueous  glucose  solutions  have  been  studied  in  sufficient  detail  by  Khenokh  [1] 
and  by  Phillips  and  co-workers  [2].  The  authors  have  indicated  that  formation  of  d-glucuronic,  d-gluconic,  sac¬ 
charic  acids,  formaldehyde,  glyoxal,  1,3-dihydroxyacetone,  d-arabinose,  and  d-erythrose  takes  place. 

We  were  interested  in  studying  in  more  detail  yields  of  the  destruction  products  of  the  destruction  of  the  monose 
C  -  C  bond,  namely,  those  of  formaldehyde  and  1,3-dihydroxyacetone. 

EXPERIMENTAL 

As  the  basic  products  for  investigation  we  chose  glucose,  fructose,  and  maltose.  Glucose  and  fructose  solutions 
of  concentrations  10,  20,  and  30^o  were  prepared  in  twice -distilled  water,  poured  into  ampoules  in  a  stream  of  nitrogen, 
sealed,  and  sterilized  at  80°  for  1  hour.  The  solutions  were  irradiated  with  Co®®  gamma -rays.  Intensity  of  the  dose 
was  36.6  roentgens/sec.  The  maximum  total  dose  applied  was  46.10®  roentgens. 

Formaldehyde  was  determined  by  the  method  described  in  [7].  To  characterize  the  change  in  amount  of  di- 
hydroxyacetone,  the  change  in  optical  density  of  the  absorption  maximum  occurring  at  X  263  mp  was  used.  This 
maximum  is  attributed  to  dihydroxyacetone  formation.  Solutions  irradiated  with  a  definite  dose  were  diluted  100 
times  with  distilled  water  and  optical  density  of  the  solution  at  X  263  mp  measured  on  an  SF-4  spectrophotometer. 
Cell  thickness  was  1  cm.  It  had  first  been  demonstrated  that  under  the  conditions  of  the  experiment  the  position  of 
maximum  absorption  does  not  change  with  change  in  irradiation  dose. 

Results  Obtained  and  Discussion 

Calculations  of  the  effective  atomic  numbers  [8]  for  the  aqueous  glucose  and  fructose  solutions  at  the  con¬ 
centrations  used  showed  that  the  proportion  of  the  total  amount  of  energy  absorbed  by  the  carbohydrate  molecules 
was  9-2^0  of  the  total  energy  absorbed.  On  changing  solution  concentrations  from  10  to  20  and  3(f7o,  the  ratio  of 
the  energies  necessary  per  carbohydrate  molecule  changes  to  0.65  :  1.2  :  1.8,  while  for  water  this  energy  ratio  is 
equal  to  6.5  :  5.9  :  5.3  respectively.  By  increasing  concentration  of  glucose,  fructose,  and  maltose  the  energy  ab¬ 
sorbed  by  the  subjects  studied  themselves  increased  almost  three  times,  but  the  energy  absorbed  by  the  water  fell 
only  slightly  (on  changing  the  concentration  from  10  to  30P/o  by  a  total  of  2CP/o).  In  the  event  of  the  possibility  of 
formation  of  certain  products  by  direct  excitation  of  the  carbohydrate  molecule,  such  increase  in  the  energy  absorbed 
by  them  cannot  affect  total  yield  of  the  product. 
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Change  In  Optical  Density  at  X  263  mM  for  Irradiated  Glucose,  Fructose,  and  Mal¬ 
tose  Solutions  of  Various  Concentrations 


Dose  of 
irradia- 
aop 

Roentgen 

OutldU  density  of  solutions 

glucose  concentratioD 
(in  ) 

maltose  concentration 
(in  *70) 

fructose  concentration 

(in*7o) 

10 

20 

30 

10 

20 

30 

10 

20 

30 

4.2-10* 

0.11 

0.1 

0.11 

9 

0.085 

0.070 

0.075 

0.050 

0.056 

0.051 

_ 

— 

— 

11 

— 

— 

— 

— 

— 

_ 

0.32 

0.25 

0.31 

15 

— 

— 

— 

— 

— 

_ 

0.40 

0.37 

— 

18 

0.21 

0.22 

0.21 

0.16 

0.16 

_ 

_ 

— 

— 

28 

0.34 

0.34 

0.31 

— 

— 

_ 

_ 

_ 

_ 

;i7 

0.53 

0.51 

0.45 

0.28 

0.28 

0.26 

_ 

_ 

_ 

4fi 

0.62 

0.61 

0.51 

— 

— 

_ 

_ 

_ 

_ 

50 

0.36 

0.38 

0.36 

“ 

_ 

10  ZO  30  ^*0 10“  roetgen 


Dose  of  irradiation 

Fig.  1.  Yield  of  formaldehyde,  depend¬ 
ing  on  dose  of  irradiation  of  aqueous 
glucose  solutions  of  various  concentra¬ 
tions.  1)  10*70 ;  2)  20*70;  3)  30*70. 


Dose  of  irradiation 


Fig.  2.  Yield  of  formaldehyde,  depending  on 
dose  of  irradiation  of  aqueous  fructose  solutions 
of  various  concentrations.  1)  10*70;  2)  20*70. 


Results  of  experiments  to  study  formaldehyde  yield 
resulting  from  irradiation  of  aqueous  glucose  and  fructose 
solutions  are  shown  in  Figs.  1  and  2. 


As  seen  from  the  results  given,  with  increase  in  the  original  concentration  of  the  carbohydrates  studied,  a  con¬ 
siderable  increase  in  formaldehyde  yield  is  observed.  Yield  of  the  latter  for  glucose  at  an  irradiation  dose  of  9  •  10® 
roentgens  increases  from  1.8  to  2.2  and  3.1  moles  per  100  ev  on  changing  concentration  from  10  to  20  and  3tf7o  res¬ 
pectively. 


To  characterize  the  change  in  amount  of  1,3-dihydroxyacetone  the  change  in  optical  density  at  wavelength 
263  mp  was  used  [2],  As  seen  from  the  results  of  the  experiments  (see  Fig.  3),  within  the  limits  of  irradiation  dos¬ 
age  change  9  •  10®  to  46  •  10®  roentgens,  increase  in  optical  density  varies  linearly  with  increase  in  dosage.  In  the 
table  are  shown  values  of  optical  density  (D)  for  glucose,  fructose,  and  maltose  solutions  of  various  concentrations. 

As  seen  from  the  results  given,  the  value  of  the  optical  density  on  irradiating  a  solution  with  one  and  the  same 
dose  does  not  depend,  with  the  limits  of  measuremental  error,  on  carbohydrate  concentration  used.  Thus,  at  dosage 
9  •  10®  roentgens,  optical  density  of  a  glucose  solution  amounts  to  0.085,  0.075,  and  0.075  for  concentrations  10,  20 
and  30*70  respectively,  and  at  dosage  18  •  10®  roentgens  -0.21,  0.22,  0.21;  for  maltose,  0.056  and  0.051  for  concen¬ 
trations  20  and  3(77o  (dosage  9  •  10®  roentgens),  etc. 

Independence  of  yield  of  1,3-dihydroxyacetone  on  carbohydrate  concentration  can  occur  only  if  the  former  is 
formed  as  a  result  of  destruction  of  the  carbohydrate  molecule  by  water  radicals.  Yield  of  these  initial  radiolysis 
products  would  not  be  changed  to  any  great  extent  under  the  experimental  conditions,  since  the  amount  of  energy 
absorbed  by  the  water  molecules  falls  only  slightly.  In  the  case  of  large  excess  of  carbohydrate,  the  reaction  rate 
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of  the  system  would  be  determined  only  by  the  rate  of  formation  of  reacting  radicals.  If  formation  of  a  {voduct  by 
direct  excitation  of  the  molecule  studied  and  its  subsequent  destruction  were  possible,  increase  in  yield  of  diis  prod 
uct  would  be  observed  with  increase  in  carbohydrate  concentration  taking  place  during  fmnaldehyde  formation. 


0.^ 


220  2‘tO  260  280  300 

^.mfi 

Fig.  4.  Spectrum  of  0.1 -0.3*^  solutions 
of  glucose  irradiated  in  the  dry  form  with 
doses:  1)  110  •  10®  roentgens;  2)  80  •  10® 
roentgens;  3)  nonirradiated  glucose. 

ing  solid  glucose  are  indication  of  the  possibility  of  the  correcmess  of  this  assumption.  Aqueous  solutions  of  glucose 
irradiated  in  the  solid  state  did  not  show  an  absorption  band  with  a  maximum  in  the  region  260  m/i  (Fig.  4),  for¬ 
maldehyde  formation  being  observed,  however. 

SUMMARY 

1.  It  was  shown  that  on  irradiating  aqueous  carbohydrate  solutions  the  value  of  the  optical  density  at  maximum 
absorption  changes  linearly  with  increase  in  irradiation  dosage. 

Value  of  optical  density  does  not  depend  on  original  carbohydrate  concentration  within  the  limits  of  change  in 
the  latter  from  10  to  30P/o. 

2.  Formaldehyde  yield  during  irradiation  increases  with  increase  in  concentration  of  glucose  and  fructose. 

3.  The  proposal  was  made  that  one  of  the  types  of  destruction  during  direct  excitation  of  the  carbohydrate 
molecule  by  gamma -rays  leads  to  fcxmaldehyde  formation.  Formation  of  1,3-dihydroxyacetone  also  takes  places 
only  as  a  result  of  destruction  by  free  radicals  -  by  "oxols"  of  water. 
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Fig.  3.  Relation  between  optical  density  (D) 
X  263  mp  of  glucose  (1),  fructose  (2),  and 
maltose  (3)  solutions  and  irradiation  dose. 


On  the  basis  of  the  results  obtained  it  could  be  ex¬ 
pected  that  destruction  at  the  third  carbon  atom  in  the 
absence  of  conditions  for  formation  of  mobile  free  radicals 
would  not  be  observed  at  the  same  time  that  formalde¬ 
hyde  formation  was  taking  place.  The  results  of  irradiat¬ 
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In  the  literature  there  are  repeated  references  to  the  fact  that  certain  a -alkyl -substituted  butyrolactones  and 
y -valerolactones  posses  odors  of  interest  in  perfumery  [1].  However,  synthesis  of  these  compounds  is  relatively  com¬ 
plex.  In  the  search  for  a  more  convenient  method  of  synthesizing  these  compounds  we  turned  to  condensation  of 
butyrolactone  and  y -valerolactone  with  carbonyl  compounds,  leading  to  a -alkylidene -substituted  lactones,  by  hy¬ 
drogenation  of  which  could  be  obtained  ot -alkyl -substituted  lactones.  This  reaction  has  been  accomplished  in  the 
case  of  a  few  aromatic  aldehydes  by  a  series  of  investigators  [2-4],  and  also  recently  in  more  detail  by  Zimmer  and 
Rothe  [5],  who  obtained  in  this  manner  a  large  number  of  <x-arylmethylenebutyrolactones  and  cx-arylmethylbutyrolac- 
tones.  However,  the  condensation  interest  to  us,  that  of  lactones  with  aliphatic  and  alicyclic  carbonyl  compounds, 
was  accomplished  only  in  the  case  of  heptanal  [2],  nonanal,  cyclohexone  [3],  and  isovalerianaldehyde  [5].  Wishing 
to  ascertain  the  applicability  of  this  reaction  to  y -substituted  butyrolactones  and  extend  it  to  a  larger  number  of  ali¬ 
phatic  and  alicyclic  carbonyl  compounds,  we  investigated  the  condensation  of  y -heptylbutyrolactone  (I)  (undecalac- 
tonc)  with  benzaldehyde,  isovalerianaldehyde,  citral,  cyclohexanone,  and  2-methylpenten-2-al.  It  appeared  that 
y -heptylbutyrolactone  condenses  in  presence  of  sodium  methylate  with  the  carbonyl  compounds  mentioned,  forming 
in  35-76%  yield  a -alkylidene -y -heptylbutyrolactones  previously  undescribed:  a -benzylidene-y -heptylbutyrolactone 
(IIc),  a -(3-methylbutylidene)-y -heptylbutyrolactone  (Ila),  ct-(3,7 -dimethyloctadien-2,6-ylidene)-y -heptylbutyro¬ 
lactone  (Ilb),  ot -cyclohexylidene-y -heptylbutyrolactone  (V).  Hydrogenation  of  these  lactones  by  a  method  described 
previously  [3]  led  to  the  corresponding  a -alkyl-y -heptylbutyrolactones:  ot -benzyl-  y -heptylbutyrolactone  (IIIc), 
ot-(3-methylbutyl)-y -heptylbutyrolactone  (Ilia),  ot -(3,7 -dimethyloctyl)-y -heptylbutyrolactone  (Illb),  ot -cyclohexyl - 
y -heptylbutyrolactone  (VI).  Yields  and  constants  of  the  substances  obtained  are  shown  in  Table  1. 

Both  the  ot -alkylidene -y -heptylbutyrolactones  and  their  hydrogenation  products  possess  powerful  odors,  reminis¬ 
cent  of  the  odor  of  undecalactone.  The  saturated  lactones  obtained  were  identified  by  their  conversion  into  the  hy- 
drazides  of  the  corresponding  hydroxy  acids  (IV)  and  (VII)  by  the  action  of  hydrazine  hydrate.  The  structure  of  ot- 
benzylidene-y -heptylbutyrolactone  (IIc)  is  confirmed  by  formation  of  benzaldehyde  on  its  oxidation  with  potassium 
permanganate.  By  similar  oxidation  of  a -cyclohexylidene-y -heptylbutyrolactone  (V)  cyclohexanone  is  formed. 

The  structure  of  the  condensation  products,  in  addition  to  the  above-mentioned  conversions,  was  confirmed  by 
the  data  of  elementary  and  functional  analysis,  and  also  by  u.v.  -  spectral  data*  indicating  the  presence  in  the  con¬ 
densation  products  of  a  double  bond  conjugated  with  the  double  bond  of  the  carbonyl  group  of  the  lactone  ring.  In 
the  spectra  of  a -< 3 -methylbutylidene)-y -heptylbutyrolactone  (Ila)  and  a -cyclohexylidene-y -heptylbutyrolactone 
(V)  a  very  clearly  defined  maximum  occurs  in  the  region  225-235  mp  ,  which  after  hydrogenation  of  these  lactones 
disappears  almost  completely.  In  the  u.v.  -spectrum  of  a -benzylidene-y -heptylbutyrolactone  (IIc)  there  is  also  a 
very  clearly  defined  maximum  (Xj^gx  284  mp),  but  considerably  displaced  toward  the  long-wave  region  of  the  spec¬ 
trum.  Exaltation  of  molecular  refraction  on  conversion  from  ct -alkylidene -substituted  lactones  to  their  hydrogena¬ 
tion  products  also  disappears. 


CHo-CHa 


C7H,5-CH 


i=o 


^0^ 

(I) 


RCHO 


CH2-C=CHR 

I  I 

C-HijCH  C=0 
(ID 


•u.v.  -  spectra  taken  by  R.  I.  Sharapova. 
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CHa— CH-  CHjR' 

I  I 

C7H,5CH  c=o 

^0^  (HI) 

R  =  (CH,),CHCH,  (a);  (CH,),C=CH(CH,),C(CH,)=CH  b  C,H,  C  C,H,CH=.C(CH.)  d 
R'  =  (CH,),CHCH,  (a);  (CH,),CH(CH,),CH(CH,)CH,  b  C.H,  C 


C,H,5CH(0H)CH2CH(CH,R')C^ 

(IV)  ^NHNHj 


(I) 


C.H,.0 


CH2-C=C  CH2 

^  C7H,5CH  c=^CH2— CHj/ 

(V) 

CHj-CH-CH  CJHj 

C7H,5— CH  C=0  ^CHa-CHa'^ 

(VI) 


NH,NH, 


C7n,6CH(OH)CH2CH(C8H„)C<^ 


(VII) 


NUNH, 


The  structure  of  a -benzyl -y -heptylbutyrolactone  (IIIc)  is  confirmed  by  formation  of  benzoic  acid  on  oxida¬ 
tion  of  this  lactone  with  potassium  permanganate. 

Condensation  of  2-methylpenten-2-al  with  y -heptylbutyrolactone  is  accompanied  by  formation  of  a  substance 
of  unknown  structure,  close  in  boiling  point  to  normal  reaction  product  -  ot-(2-methylpenten-2-ylidene)-y -heptyl¬ 
butyrolactone  (Ild),  and  so  it  was  not  possible  to  isolate  it  from  the  fraction  with  b.p.  160-205*  at  1.5  mm,  n|^1.4905, 
containing,  judging  by  the  saponification  number,  87%  of  this  lactone. 


TABLE  1 


Substance 

no. 

Yield  (purity 
in  paran  the¬ 
sis)  (in%) 

B.p.  (pressun 
in  mm) 

MR, 

n,- 

found 

calculated 

lie* 

76  (99) 

2040(1) 
M.p.  40.5 

1.5400(40°) 

— 

— 

II  a* 

44(96) 

163-165(1.5) 

1.4690 

0.9235 

76.12 

75.08 

II  b 
!ii'c 

35(94) 

230-240(2) 

1.5150 

0.9559 

— 

— 

49(99.5) 

192—195  (3) 

1.4950 

0.9888 

77.96 

77.50 

75  (98.5) 

184-192  (2) 

1.5001 

0.9948 

81.14 

81.10 

in  a 

70(96) 

175—185(10) 

1.4537 

0.9159 

75.13 

75.54 

mb 

65  (99) 

220—230(7) 

1.4649 

0.9125 

98.30 

98.63 

VI 

80(100) 

212-213(12) 
M.p.  41° 

1.4770(40°) 

•Xmax  alcohol):  (11c)  284  mp  (Ig  e  4.32);  (lla)  225  mp  (Ig  e  3.97);  (V)  235  mp 
(Ig  e  4.06). 


On  condensing  y -heptylbutyrolactone  (1)  with  cyclohexanone  together  with  ot-cyclohexylidene-y -heptylbuty¬ 
rolactone  (V),  acid  (Vlll)  is  also  formed,  which  is  evidently  y -methoxyundecanoic  acid.  This  acid  is  formed  most 
rapidly  from  y -heptylbutyrolactone  (1)  and  sodium  methylate.  Similar  rupture  of  the  lactone  ring  under  the  action 
of  sodium  ethylate  is  known,  in  particular,  for  y -butyrolactone,  from  which  by  this  route  y -erhoxybutyric  acid  is 
formed  [6]. 

With  the  aim  of  investigating  the  possibility  of  converting  the  lactones  obtained  into  cyclopentenone  deriva¬ 
tives  by  dehydration  in  presence  of  polyphosphoric  acid  by  the  method  described  previously  (see  review  [7]),  we 
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studied  the  reaction  of  these  lactones  with  polyphosphoric  acid.  It  appeared  that  a -alkyl -substituted  lactones  on 
heating  with  polyphosphoric  acid  to  100-120*  are  unchanged.  At  higher  temperatures  resinification  of  the  substance 
occurs,  unaccompanied  by  formation  in  any  noticeable  amounts  of  carbonyl  compounds. 

EX  PERIMENTAL 

Condensation  of  y-Heptylbutyrolactone  (1)  with  Aldehydes  and  Ketones.  In  a  three -necked  flask  fitted  with 
stirrer  and  reflux  condenser  was  placed  a  mixture  of  0.6  mole  of  y -heptylbutyrolactone  (I)  and  0.9  mole  of  aldehyde 
or  ketone  in  400  ml  of  anhydrous  benzene.  To  this  mixture  with  vigorous  stirring  wis  gradually  (over  15-30  minutes) 
added  0.9  mole  of  powdered  sodium  methylate,  prepared  from  anhydrous  methanol  and  sodium.  The  reaction  mixture 
was  then  usually  warmed  to  40-50*;  if  heat  evolution  was  slight,  the  mixture  was  warmed  up  to  the  temperature  indi¬ 
cated.  The  mixture  was  stirred  for  2.5  hours,  left  for  16-20  hours,  then  250  ml  of  20% sulfuric  acid  added  and  stirred 
for  1  hour.  The  aqueous  layer  was  separated,  extracted  with  benzene,  the  benzene  extracts  united  with  the  benzene 
solution,  washed  with  sodium  bicarbonate  solution  and  water,  benzene  then  evaporated  off,  and  the  residue  distilled 
in  vacuo.  To  determine  the  constants  and  obtain  analytical  samples  the  substance  was  distilled  once  more.  Sample 
purity  was  determined  by  means  of  the  saponification  number. 


TABLE  2 


Substanc 

no. 

j  Molecular  j 

formula  | 

Analytical  results  (in%)  (calcula¬ 
ted  values  in  parentheses) 

(lie) 

C,8H240*  I 

C  79.10,  79.58  (79.37) 

H  9.18,  9.38  (8.88) 

(Ha) 

Ciflllzsl^z  1 

C  75.83,  7.5.82  (76.14) 

H  11.51,  11.26  (11.18) 

(V) 

C',7H2„02  I 

d  76.82.  76.69  (77.22) 

II  10.90,  10.37  (10.67) 

(VIII)* 

C12H24O3  j 

C  66.30,  66.45  (66.63) 

II  11.41,  11.22  (11.18) 

(lllc) 

1^18112802  1 

C  78.93,  78.88  (78.79) 

11  9.64.  9.87  (9.55) 

(Illb) 

Oi«H.io02  I 

C  75.52,  7.5.60  (75..53) 
ii  11.98,  12.28  (11.89) 

(III 

C2,H40Oo  I 

1 

C  77.91,  78.10  (77.72) 

II  12.21,  12.03  (12.42) 

(VI) 

(IV  c) 
(IV  al 

(IV  b) 

(VII) 

C17H30O2  1 

O18H30O2N2 

C16H34O2N2 
C21H  24^2^2 
Cj7H340oN2 

C  76.83,  77.14  (76.64) 
H:ll.61,  11.21  (11.35) 

N  9.04  (9.14) 

N  9.63,  9.84  (9.78) 

N  7.7.3,  7.46  (7.86) 

N  9.05,  9.29  (9.39) 

•Acid  number  260;  calc.  258.9. 

In  view  of  the  fact  that  no  success  was  achieved  in  isolating  substance  (Ilb)  in  pure  form,  its  further  conversion 
was  carried  out  without  subsequent  purification. 

On  fractional  distillation  of  condensation  product  (V)  from  the  partially  crystallized  main  fraction  with  b.p. 
170-180*  at  2  mm,  several  grams  of  substance  (VIII)  were  obtained,  m.p.  74*  (from  isooctane);  not  investigated  more 
closely. 

Analytical  results  for  the  substances  obtained  are  shown  in  Table  2. 

Hydrogenation  of  ot-Alkylidene- Substituted  Lactones.  In  a  rotary  stainless  steel  autoclave  of  150  ml  capacity 
were  placed  12-20  ml  of  ot-alkylidine -substituted  lactone  dissolved  in  an  equal  volume  of  alcohol,  and  about  1  g  of 
Raney  nickel.  Hydrogen  was  forced  into  the  autoclave  to  190-200  at.,  then  heated  to  100*  and  the  mixture  stirred 
for  1-1.5  hours.  On  cooling,  pressure  in  the  autoclave  fell  to  160-180  at.  The  catalyst  was  filtered  off,  the  filtrate 
evaporated  and  the  residue  distilled  in  vacuo. 
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Preparation  of  Hydrazides  of  y -Hydroxy  Acids  from  ot-Alkyl-y -heptylbutyrolactones.  A  mixture  of  1.5  g  of 
lactone  and  2  ml  of  80%  aqueous  hydrazine  hydrate  solution  was  heated  for  1  hour  on  a  water  bath.  On  cooling  the 
mixture  solidified  to  a  colorless,  crystalline  mass.  The  substance  was  recrystallized  from  alcohol  4-5  times. 

Melting  points  of  hydrazides:  of  ot-benzyl-y -hydroxyundecanoic  acid  (IVc)  142*;  a-(3-methylbutyl)-y -hy- 
droxyundecanoic  acid  (IVa)  144*;  a -(3,7 -dimethyloctyl)-y -hydroxyundecanoic  acid  (IVb)  132*;  and  of  ot -cyclohexyl - 
y -hydroxyundecanoic  acid  (VII)  175*. 

Oxidation  of  Lactones  with  Potassium  Permanganate.  2  g  of  a-benzylidene-y -heptylbutyrolactone  (lie)  was 
boiled  for  0.5  hour  with  0.6  g  of  caustic  soda  in  25  ml  of  water.  To  the  resulting  solution  of  the  sodium  salt  of  the 
hydroxy  acid  were  added  75  ml  of  water,  45  ml  of  benzene,  and  with  stirring  and  cooling  with  ice  50  ml  of  saturated 
potassium  permanganate  solution  gradually  added  to  the  mixture.  The  precipitate  of  manganese  dioxide  settling  out 
was  separated,  washed  with  benzene,  the  united  benzene  extracts  evaporated  to  a  small  volume  and  treated  with  an 
alcoholic  solution  of  2,4-dinitrophenylhydrazine  sulfate.  The  precipitate  settling  out  (about  0.5  g)  was  recrystallized 
three  times  from  acetic  acid,  m.p.  237*.  According  to  the  data  in  the  literature,  the  2,4-dinitrophenylhydrazone  of 
benzaldehyde  has  m.p.  237*  [8].  A  sample  mixed  with  an  authentic  sample  gave  no  melting  point  depression. 

On  oxidizing  2  g  of  ot-cyclohexylidene-y -heptylbutyrolactone  (V),  carried  out  in  the  same  manner  with  sub¬ 
sequent  action  of  2,4-dinitrophenylhydrazine,  0.4  g  of  the  2,4-dinitrophenylhydrazone  of  cyclohexanone  was  ob¬ 
tained,  m.p.  162’  (from  CH3COOH),  m.p.  162*  [8].  A  mixed  sample  gave  no  melting  p>oint  depression. 

2  g  of  a -benzyl -y -heptylbutyrolactone  (IIIc)  was  saponified  as  described  above.  To  the  resulting  solution  of 
the  hydroxy  acid  salt  was  added  7  g  of  jjotassium  permanganate  in  150  ml  of  water  and  the  mixture  boiled  for  1.5 
hours.  The  manganese  dioxide  precipitate  was  separated,  washed  with  water,  the  filtrate  and  wash  waters  made 
acidic  to  congo  and  extracted  with  benzene.  The  benzene  extracts  were  evaporated,  and  the  residue  distilled  in 
vacuo.  The  fraction  with  b.p.  90-110’  at  3  mm  (0.35  g)  crystallized.  After  drying  on  a  porous  plate  and  recrystalli¬ 
zing  from  water,  m.p.  was  122*;  for  benzoic  acid,  m.p.  122*  [9].  A  mixed  sample  gave  no  melting  {xsi^.t  depression. 

SUMMARY 

1.  By  reacting  y -heptylbutyrolactone  (undecalactone)  with  aliphatic  and  alicyclic  carbonyl  cornp^vmds,  pre¬ 
viously  undescribed  a-alkylidene-y -heptylbutyrolactones  were  synthesized. 

2.  By  hydrogenating  ot-alkylidene-y -heptylbutyrolactones,  a -alkyl- y -heptylbutyrolactones  were  obtained, 
forming  by  the  action  of  hydrazine  hydrate  hydrazides  of  ot-alkyl-y -hydroxyundecanoic  acids. 

3.  The  resulting  ot-alkyl-y -heptylbutyrolactones  were  not  converted  to  alkylcyclopentenones  by  the  action  of 
poly  phosphoric  acid. 

4.  The  resulting  ot-alkylidene-y -heptylbutyrolactones  and  ot-alkyl-y -heptylbutyrolactones  possess  obtrusive 
odors,  similar  to  the  odor  of  undecalactone. 
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On  prolonged  boiling  of  uric  acid  (I)  in  acetic  anhydride,  8-methylxanthine  (IX),  acetic  acid,  and 
carbon  dioxide  are  formed  [1].  By  observing  certain  conditions,  this  reaction  can  be  arrested  at  the 
stage  where  an  intermediate  compound  is  formed  -  the  triacetyl  derivatives  of  4,5-diaminouracil 
(VI)  [2]  -  or  can  be  directed  to  formation  of  the  diacetyl  derivative  of  4,5-diaminouracil  [3]. 

To  explain  the  mechanism  of  the  reaction  of  uric  acid  with  acetic  anhydride  a  series  of  schemes  have  been 
proposed  [2,  4-6].  However,  none  of  these  schemes  is  in  accord  with  experimental  data  and  they  consequently  do 
not  indicate  the  reaction  mechanism.  For  instance,  Bredereck,  Hennig,  and  Pfleiderer,  proposing  a  very  general 
scheme  for  the  mechanism  of  the  reaction  indicated  [2],  express  the  opinion  that  in  the  process  of  formation  of  the 
triacctyl  derivative  of  4,5-diaminouracil  a  carbon  dioxide  molecule  is  first  formed,  and  then  an  acetic  acid  mole¬ 
cule.  Accordingly,  it  would  be  expected  that  with  formation  of  the  intermediate  compound  indicated  the  electro¬ 
conductivity  of  the  reaction  mixture  would  increase  correspondingly  and  would  reach  a  maximum  value  after  cessa¬ 
tion  of  carbon  dioxide  evolution.  All  this  has  not  been  confirmed  by  experimental  verification.  In  experiments 
carried  out  by  us  it  has  been  established  that  in  preparation  of  the  triacetyl  derivative  of  4,5-diaminouracil  at  the 
beginning  of  the  process  actually  noticeable  lowering  of  the  ohmic  resistance  of  the  reaction  mixture  is  observed. 
About  40  minutes  after  beginning  the  reaction,  it  reaches  a  minimum  and  then  remains  constant  for  some  time.  One 
hour  after  beginning  the  experiment  the  ohmic  resistance  of  the  reaction  mixture  begins  to  rise  rather  rapidly  and 
after  a  certain  period  of  stabilization  again  falls.  Having  reached  the  level  of  the  first  minimum,  it  remains  con¬ 
stant.  It  should  be  noted  particularly  that  carbon  dioxide  evolution  in  this  case  eeases  much  later  than  final  stabiliza¬ 
tion  of  the  ohmic  resistance  of  the  reaction  mixture.  The  data  of  our  experiments  is  presented  in  the  diagram:  on  the 
abscissa  axis-time  in  minutes,  and  on  the  ordinate  axis- electroconductivity  in  reciprocal  ohms  (a  ),  multiplied  by 
10®.  Data  on  carbon  dioxide  evolution  over  the  corresponding  period  of  time  is  simultaneously  introduced. 


As  seen  from  the  figure,  the  electroconductivity  curve  has  two  maxima.  This  permits  the  proposal  that  during 
the  reaction  acetic  acid  produced  in  one  of  the  first  stages  of  the  process  is  reabsorbed  by  the  reaction  products  and 
only  after  a  second  rupture  does  its  concentration  in  the  reaction  mixture  become  constant.  Such  an  unusual  change 
in  electroconductivity  of  the  reaction  mixture  during  preparation  of  the  triacetyl  derivative  of  4,5-diaminouracil 
cannot  be  explained  by  the  schemes  proposed.  With  the  aim  of  elucidating  the  actual  mechanism  we  have  carried 
out  experiments  on  the  isolation  of  the  intermediate  products  of  this  reaction  and  the  establishment  of  their  structure, 

The  first  attempts  at  elucidating  the  structure  of  the  primary  Intermediate  reaction  products  formed  on  reac¬ 
ting  uric  acid  with  acetic  anhydride  were  performed  by  Biltz  and  Pardon.  They  came  to  the  conclusion  that  as  the 
first  reaction  product  in  the  case  under  consideration  the  diacetyl  derivative  of  uric  acid  is  formed  [7],  and  crystal¬ 
lizes  as  octahedra. 

By  boiling  uric  acid  for  4.5  hours  in  100  times  its  amount  of  acetic  anhydride,  we  succeeded  in  obtaining  a 
substance  which  crystallized  as  large,  well-formed  octahedra.  ID  its  physico-chemical  properties  it  was  identical 
with  the  substance  described  by  Biltz  and  Pardon.  Having  in  mind  the  analytical  data  and  certain  characteristics  of 
the  chemical  properties  of  the  substance  (see  below),  we  came  to  the  conclusion  that  the  compound  obtained  was 
not  the  diacetyl  derivative  of  uric  acid,  but  was  an  equimolar  mixture  of  two  substances  —  7-acetyluric  acid  (II)  and 
4  -carbacetoxy  amino  -  5  -diace  tylaminouracil  ( III). 
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Regarding  the  substance  obtained  as  an  equimolar  mixture,  all  its  chemical  properties  could  be  readily  explained. 
For  instance,  on  boiling  the  octahedra  in  a  mixture  of  acetic  anhydride,  acetic  acid,  and  pyridine  bases  i.e.,  under 
conditions  in  which  uric  acid  is  converted  to  4,  5  di(acetylamino) -uracil  [3],  carbon  dioxide  was  evolved,  and  the  in¬ 
dicated  diacetyl  derivative  of  4,5-diaminouracil  was  formed.  In  this  connection  under  normal  conditions  carbon  di¬ 
oxide  was  evolved  at  the  rate  of  74  ml  per  1  g  of  octahedra,  which  amounts  to  about  86*70  of  the  theoretical  amount. 
On  heating  the  octahedra  obtained  with  acetic  acid  in  presence  of  dimethylaniline,  carbon  dioxide  was  again  evolved, 
but  only  to  half  the  extent  of  that  applying  on  heating  with  acetic  anhydride.  In  this  case  as  the  final  reaction  prod¬ 
ucts  were  obtained,  besides  carbon  dioxide,  uric  acid,  4-amino  -5-  acetylaminouracil,  and  4,  5-di(acetylamino)- 
uracil.  Formation  of  these  products,  as  seen  from  the  structural  formulas  of  compounds  (II)  and  (III),  proceeds  as  a 
result  of  hydrolysis  and  acidolysis  of  both  components  of  the  equimolar  mixture.  On  boiling  with  water  1  g  of  the 
resulting  substance.  42  ml  of  CO^  was  evolved.  Considering  that  in  this  case  formation  of  carbon  dioxide  was  possible 

owing  to  hydrolysis  and  subsequent  decarboxylation  of  only  one  com¬ 
ponent  of  the  mixture  (III),  the  quantity  of  COj  evolved  amounted  to 


97.5<7o.  As  a  result  of  hydrolysis  of  the  second  component  (11)  with 
water,  uric  acid  was  formed,  obtained  from  the  reaction  mixture  in 
83.5<7o  yield.  On  reacting  the  substance  obtained  under  the  usual 
conditions  with  aniline  in  absolute  ether,  acetanilide  was  formed.  In 
this  case  the  substance  appeared  to  be  an  anhydride,  capable  of  re¬ 
placing  the  hydrogen  of  the  amino  group  by  acetyl.  Yield  of  acet¬ 
anilide  under  the  conditions  indicated  amounted  to  about  1  mole  per 


CO2  evolution  (1)  and  change  in  electro - 
conductivity  (2)  during  preparation  of  the 
tri acetyl  derivative  of  4,5-diaminouracil. 


1  mole  of  equimolar  mixture. 

It  is  obvious  that  on  methylation  of  such  an  equimolar  mixture 
with  diazomethane  formation  would  be  expected  of  1,  3,  9-trimethyl- 
7-acetyluric  acid  as  a  result  of  methylation  of  7-acetyluric  acid  (11). 


This  had  also  been  established  experimentally  on  one  occasion  by  Biltz  and  Pardon  [7]. 


The  data  obtained  on  the  structure  of  the  primary  intermediate  products  permitted  us  to  regard  in  a  different 
light  the  mechanism  of  this  reaction  in  the  first  stages  of  the  process,  when  uric  acid  is  converted  into  the  triacetyl 
derivative  of  4,5-diaminouracil.  Regarding  the  end  of  the  reaction,  i.e.,  conversion  of  the  indicated  triacetyl  deriv¬ 
ative  into  8-methylxanthine,  this  problem  had  already  been  studied  sufficiently.  In  the  investigations  carried  out 
[8]  it  was  established  that  the  intermediate  compound  (VI)  does  not  possess  a  bicyclic  structure,  as  had  been  proposed 
until  that  time  [2,5,6],  but  is  4-acetylamino-5-di(acetylamino)-uracil  (VI).*  It  has  been  established  experimentally 
that  conversion  of  compound  (VI)  into  8-methylxanthine  proceeds  with  formation  of  intermediate  compounds  (VII) 
and  (VIll). 


*  In  1959  additional  data  was  published  by  E.  S.  Golovchinskaya  [9]  confirming  our  point  of  view  on  the  structure 
of  the  triacetyl  derivative  of  4,5-diaminouracil. 
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The  above  now  permits  representation  of  the  mechanism  of  the  reaction  between  uric  acid  and  acetic  anhydride 
by  the  following  scheme: 
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With  the  help  of  the  scheme  presented,  all  the  features  can  be  explained  in  the  reaction  of  uric  acid  with  ace¬ 
tic;  anhydride  and  corresponding  practical  conclusions  can  be  made  on  the  possibility  of  regulating  and  directing  the 
process.  For  instance,  in  particular,  accumulation  of  acetic  acid  in  the  reaction  mixture  during  preparation  of  the 
triacetyl  derivative  of  4,5-diaminouracil  (VI)  from  uric  acid  becomes  understandable.  In  this  case,  formation  of  ace¬ 
tic  acid  takes  place  during  formation  of  intermediate  compounds  (II)  and  (V),  and  its  absorption  on  acidolysis  of  com¬ 
pound  (HI).  This  also  leads  to  the  occurence  of  two  electroconductivity  maxima  in  the  reaction  mixture. 

In  the  scheme  set  out  the  formation  of  intermediate  compound  (V)  has  been  as  yet  insufficiently  substantiated 
experimentally.  Preparation  of  the  triacetyl  derivative  of  4,5-diaminouracil  (VI)  can  be  achieved  not  oniy  via  ace¬ 
tylation  of  compound  (IV)  with  subsequent  decarboxylation  of  intermediate  compound  (V)  formed,  but  also  via  pre¬ 
paratory  decarboxylation  of  compound  (IV),  with  subsequent  acetylation  of  the  4 -amino -5 -di(  acetyl  amino) -uracil 
formed.  Bearing  in  mind  that  in  preparation  of  compound  (VI)  carbon  dioxide  evolution  still  continues  after  cessa¬ 
tion  of  change  in  electroconductivity  of  the  reaction  mixture  (see  figure),  it  is  very  likely  that  formation  of  inter¬ 
mediate  compound  (V)  occurs  during  the  reaction. 

EXPERIMENTAL 

Acetylation  of  Uric  Acid  (I),  (a)  Preparation  of  4-Acetylamino-5-diacetvlaminouracil  (VI)  with  Simultaneous 
Measurement  of  Ohmic  Resistance  of  Reaction  Mixture. 

Into  a  200  ml  three-necked  flask  fitted  with  stirrer,  thermometer,  and  reflux  condenser  with  platinum  electrodes 
mounted  in  it* ,  were  introduced  85  ml  of  acetic  anhydride,  34  ml  of  pyridine  bases*  *  ,  and  16.8  g(0,l  mole)  of  uric 
acid.  To  measure  the  carbon  dioxide  evolved  during  the  reaction,  the  end  of  the  condenser  was  connected  to  a  gas¬ 
ometer.  Ohmic  resistance  of  the  reaction  mixture  was  measured  by  a  conductometer  connected  to  the  platinum  elec¬ 
trodes. 

With  constant  stirring,  the  contents  of  the  flask  were  boiled  until  carbon  dioxide  evolution  ceased,  thus  usually 
lasting  aoout  4  hours.  After  this  time  about  2650  ml  of  gas  had  been  evolved.  After  cessation  of  carbon  dioxide  evo¬ 
lution  the  reaction  mixture  was  cooled  to  room  temperature,  filtered,  and  the  precipitate  on  the  filter  washed  with 
dry  dichloroethane  and  then  With  absolute  ether.  Yield  of  dry  unpurified  4-acetyl-5-diacetylaminouracil  was  20.5  g. 

Isolation  of  the  resulting  triacetyl  derivative  of  4,5-diaminouracil  in  the  pure  state  and  its  conversion  into  the 
diacetyl  derivative  of  4i5-diaminouracil  were  carried  out  in  the  manner  described  previously  [8]. 


*  The  stirrer  with  mercury  seal,  reflux  condenser,  and  thermometer  were  mounted  on  ground -glass  fittings. 

*  *  The  pyridine  bases (b.p.  125-135’C)  used  were  anhydrous. 
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(b)  Preparation  of  Equimolar  Mixture  of  7- Acetyluric  Acid  (II)  and4-Carbacetoxyamino-5-diacetylaminouracil 

(HI). 

Into  a  round -bottomed  1000  ml  flask  fitted  with  xeflux  condenser  were  introduced  700  ml  of  acetic  anhydride 
and  7  g  of  well -ground  uric  acid.  The  top  end  of  the  condenser  was  sealed  with  a  calcium  chloride  tube.  The  mix¬ 
ture  was  boiled  for  4.5  hours.  The  contents  of  the  flask  were  then  cooled  to  70-80*C  and  filtered  from  the  precipi¬ 
tate  of  undissolved  uric  acid.  The  filtrate  was  transferred  to  a  flask  sealed  with  a  calcium  chloride  tube,  and  left  to 
stand  at  room  temperature  for  15-20  hours.  From  the  filtrate  a  precipitate  of  ociahedra  settled  out  with  a  trace  of  a 
small  amount  of  a  substance  crystallizing  as  small,  fine  needles.  Yield  of  the  precipitate,  washed  on  a  filter  with 
dichloroethane  and  then  dried  over  caustic  soda,  amounted  to  3. 5-3. 8  g.  The  filtrate  obtained  after  separation  of  this 
precipitate  was  concentrated  in  vacuo  at  45-50*  to  a  volume  of  100  ml.  After  cooling  and  filtering,  an  additional 
1.4-1. 6  g  of  the  product  was  obtained.  Total  yield  of  unpurified  product  was  5.1 -5.2  g. 

The  crystalline  mixture  obtained  was  dissolved  with  heating  in  100  times  its  amount  of  acetic  anhydride  and 
left  to  crystallize  at  room  temperature  for  15-20  hours.  The  precipitate  settling  out  was  filtered  off,  washed  and 
dried  as  indicated  above.  Yield  of  pure  octahedra  was  3  g.  From  the  filtrate  after  concentration  in  vacuo  an  addi¬ 
tional  1.5  g  of  octahedra  was  obtained.  Total  yield  of  pure  octahedra  from  7  g  of  uric  acid  amounted  to  4.5  g. 

Found  %:  C  41.44,  41.26;  H  3.34.  3.3;  N  23.37,  22.05.  Ci,H,,OnNg.  Calculated  C  41.38;  H  3.47;  N  21.45. 

Acetyl  groups  found,  according  to  Kuhn  and  Roth  [10]  in  °Jo:  33.47,  33.49.  Acetyl  groups  calculated  for  an 
equimolar  mixture  of  (H)  and  (Ill),  32.95<7o. 

Investigation  of  Chemical  Properties  of  Equimolar  Mixture  of  7 -Acetyluric  Acid  (II)  and  4-Carbacetoxyamino- 
5-diacetylaminouracil  (III). 

(a)  Reaction  with  Aniline. 

Into  a  25  ml  flask  were  introduced  2.7  g  (0.005  mole)  of  the  described  mixture  of  (II)  and  (III),  1.4  g  (0.015 
mole)  of  aniline,  10  ml  of  absolute  ether,  and  with  periodic  shaking  the  mixture  was  left  to  stand  at  room  tempera¬ 
ture  for  24  hours.  The  undissolved  precipitate  was  filtered  off,  washed  with  ether,  and  the  ether  solution  concentrated. 
After  evaporation  of  ether,  the  residue  was  suspended  in  a  small  amount  of  water,  the  suspension  acidified  with  dilute 
hydrochloric  acid  until  weakly  acid  to  Congo,  and  filtered.  The  precipitate  washed  in  this  manner  was  crystallized 
from  water.  Yield  of  pure  acetanilide  with  m.p.  113-115*  was  0.5  g.  A  sample  mixed  with  the  authentic  substance 
gave  no  melting  point  depression.  From  the  filtrate  after  crystallization  by  concentration  an  additional  0.15  g  of 
acetanilide  was  obtained.  Thus,  total  yield  of  acetanilide  was  0.65  g(93'7o). 

(b)  Hydrolysis  with  Water. 

5.2  g(0.01  mole)  of  octahedra  was  boiled  for  1  hour  in  50  ml  of  water,  218  ml  (97.5%)  of  carbon  dioxide  being 
evolved  under  normal  conditions.  The  precipitate  obtained  after  hydrolysis  was  filtered  off  and  boiled  in  175  ml  of 
water.  Yield  of  precipitate  washed  in  this  manner  and  dried  was  1.4  g.  The  product  obtained  was  identified  as  uric 
acid,  with  content  of  pure  substance  97.7%.  Yield  of  uric  acid  83.5%. 

(c)  Acidolysis  by  Acetic  Acid  in  Presence  of  Dimethylaniline. 

In  a  100  ml  flask  fitted  with  reflux  condenser  connected  to  a  500  ml  gasometer  were  placed  5.2  g  of  octahedra, 
50  ml  of  glacial  acetic  acid,  and  10  ml  of  dimethylaniline.  The  mixture  was  boiled  until  carbon  dioxide  evolution 
ceased,  this  usually  occuring  3  hours  after  commencement  of  boiling.  During  this  time,  218  ml  (98.0%)  of  carbon 
dioxide  was  evolved  under  normal  conditions.  The  reaction  mixture  was  cooled,  the  precipitate  filtered  off  and  sus¬ 
pended  in  15  ml  of  water.  The  resulting  suspension  was  acidified  with  hydrochloric  acid  (1:1)  until  weakly  acidic  to 
Congo,  filtered,  and  the  precipitate  washed  with  water  on  the  filter.  Weight  of  j^roduct  obtained,  which  by  its  compo¬ 
sition  was  a  mixture  of  uric  acid  and  acetyl  derivatives  of  4,5-diaminouracil,  was  equal  to  2.6  g.  On  crystallizing 
from  150  ml  of  water,  1  g  of  uric  acid  was  isolated  from  the  mixture  obtained  as  an  insoluble  precipitate.  On  cooling 
the  aqueous  solution  1.1  g  of  a  mixture  separated  out,  consisting  of  4-amino-5-acetylaminouracil  (21.15%)  and  4.5- 
diacetylaminouracil  (78.85%).* 

(d)  Acetylation  with  Acetic  Anhydride  in  Presence  of  Pyridine  Bases  and  Acetic  Acid. 

•  The  percentage  content  of  mono-  and  diacetyl  derivatives  of  4,5-diaminouracil  in  these  experiments  was  deter¬ 
mined  by  conductometric  titration  by  V.  F.  Degtyarevii. 
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In  a  100  ml  round -bottomed  flask  fitted  with  reflux  condenser  connected  to  a  gasometer  were  placed  5.2  g  of 
octahedra.  16  ml  of  acetic  anhydride.  19  ml  of  acetic  acid,  and  10  ml  of  pyridine  bases  (b.p.  125-135*).  The  mix¬ 
ture  was  heated  on  an  oil  bath  (oil  temperature  135-145")  for  3  hours.  After  heating  was  discontinued,  the  contents 
of  the  flask  were  quickly  cooled  to  room  temperature.  Volume  of  gas.  brought  to  normal  conditions,  was  equal  to 
384  ml  (86<^). 

To  hydrolyze  excess  acetic  anhydride  in  the  reaction  mixture  boiled  on  an  oil  bath  for  30  minutes.  Heating  was 
then  discontinued  and  50  ml  of  dichloroethane  added.  The  precipitate  settling  out  was  filtered  off.  washed  on  the 
filter  with  dichloroethane  and  dried.  Weight  of  precipitate.  3.2  g.  On  crystallizing  from  27  tirr.es  its  amount  of  water, 
0.9  g  of  Insoluble  precipitate  was  obtained,  identified  as  8-methylxanthine.  From  the  filtrate  on  ooling,  2  g  of  4.5- 
di(acetylamino) -uracil  settled  out.  Yield  of  product,  calculated  on  8 -methylxanihine  formed,  amointed  to  about  61%. 


SUMMARY 

1.  The  primary  reaction  products  were  studied  of  the  reaction  of  uric  acid  with  acetic  anhydride.  It  was  estab¬ 
lished  that  acetylation  of  uric  acid  proceeds  initially  with  formation  of  7-acetyluric  acid. 

2.  A  scheme  was  proposed  for  the  mechanism  of  the  conversion  of  uric  acid  into  8-methylxanthine  on  reacting 
It  with  acetic  anhydride. 
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Continuing  our  investigation  on  the  synthesis  of  aminosubstituted  phenothiazine  [1,2],  it  was  of  interest  to  ob¬ 
tain  2-aminophenothiazine,  which  is  not  described  in  the  literature,  and  use  it  for  subsequent  syntheses  of  substituted 
phenothiazine  to  ascertain  which  compounds  are  pharmacologically  active.  We  considered  this  direction  of  the  syn¬ 
thesis  desirable,  because  a  number  of  highly  active  medicinal  preparations  were  found  among  the  10-aminoalkyl  de¬ 
rivatives  of  phenothiazine  substituted  in  the  2  position  by  various  groups  (see  review  [3]). 

We  made  attempts  to  obtain  2-aminophenothiazine  by  the  action  of  sulfur  on  3-aminodiphenylamine  under  the 
conditions  of  sulfurization  of  other  substituted  diphenylamines.  However,  as  might  be  expected,  because  of  the  high 
reactivity  of  the  amino  group  the  reaction  products  were  very  tarry  and  could  not  be  isolated.  In  subsequent  experi¬ 
ments,  by  the  action  of  the  methyl  ester  of  the  chlorocarbonic  acid  3-aminodiphenylamine  was  converted  to  the  ure- 
than  derivative,  from  which  the  methy-  ester  of  phenothiazinecarbamic  acid  was  obtained  by  sulfurization.  Our 
attempts  tosaponify  the  latter  have  not  been  successful.  This  compound  was  synthesized  as  follows: 


H, 


CICOOCH, 


I 

II 


NH, 


N/  \NIICOOOH3 

I 

li 


I 

II 


NIICOOCII.. 


3-Aminodiphenylamine  was  synthesized  by  hydrogenation  of  3-nitrodiphenylamine  (obtained  by  a  method  mod¬ 
ified  by  the  authors  [4],  using  Raney  nickel  as  catalyst;  the  product  was  converted  to  the  methyl  ester  of  diphenyl -3- 
carbamic  acid  by  the  action  of  chlorocarbonic  ester.  This  ester  was  converted  to  the  methyl  ester  of  phenothiazine- 
2-carbamic  acid  by  sulfurization  in  the  presence  of  catalytic  amounts  of  iodine. 


We  encountered  serious  difficulties  in  our  efforts  to  obtain  the  urethan  derivative  of  phenothiazine.  Direct  fu¬ 
sion  of  the  methyl  ester  of  diphenylamine-3-carbamic  acid  with  sulfur  in  the  presence  of  iodine  at  150“  or  above,  in 
accordance  with  the  standard  method  of  obtaining  substituted  phenothiazines,  was  accompanied  by  intense  tarring  and 
we  did  not  succeed  in  obtaining  the  expected  substance  from  the  tarry  reaction  products.  A  small  amount  of  this 
compound  was  obtained  from  the  reaction  mass  by  carrying  out  the  sulfurization  reaction  in  xylene,  in  accordance 
with  the  Massie  and  Kadaba  method  [5].  As  was  shown  by  our  experiments,  the  reaction,  carried  out  by  boiling  the 
methyl  ester  of  diphenylamine-3-carbamic  acid  with  sublimated  sulfur  in  the  presence  of  iodine  in  a  small  amount 
of  toluene,  takes  place  smoothly,  without  appreciable  tarring,  and  the  unpurified  urethan  substituted  phenothiazine 
is  obtained  with  a  yield  of  73.5%,  One  recrystallization  from  aqueous  acetone,  and  then  from  alcohol  or  toluene, 
gives  a  substance  with  a  constant  melting  point. 


We  assumed  that  the  structure  of  the  methyl  ester  of  phenothiazine-2-carbamic  acid  is  the  most  probable  be¬ 
cause  when  all  the  other  hitherto -known  diphenylamines  substituted  in  the  3  position  react  with  sulfur,  2-substituted 
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phenothiazines  are  obtained  as  the  main  reaction  product,  whereas  only  a  negligible  amount  of  the  isomeric  deriva¬ 
tive  of  phenothiazine  (substituted  in  the  4  position)  is  formed  [6-9].  This  is  evidently  the  reason  for  the  fact  that  we 
did  not  succeed  in  establishing  the  presence  of  the  second  isomer,  i.e.  the  methyl  ester  of  phenothiazine -4 -carbamic 
acid.  By  means  of  acid  or  alkaline  sap>onification  of  the  methyl  ester  of  phenothiazine -2 -carbamic  acid  we  made 
attempts  to  obtain  2-aminophenothiazine  and  prepare  the  already-known  2-chlorophenothiazine  by  replacing  the 
amino  group  by  chlorine.  However,  under  mild  saponification  conditions  this  urethan  substituted  phenothiazine  was 
stable  to  hydrolysis.  Under  severer  saponification  conditions,  black  insoluble  substances  which  cannot  be  isolated 
are  obtained;  this  is  evidently  due  to  the  instability  of  2-aminophenothiazine  under  the  given  conditions.  Investiga¬ 
tions  in  this  direction  are  being  continued. 

EXPERIMENTAL 

3-Nitrodiphenylamine.  325  g  of  3-nitroacetanilide,  300  g  of  bromobenzine,  133  g  of  anhydrous  potash,  10  g 
of  freshly  prepared  copper  powder  (obtained  from  a  solution  of  copper  and  zinc  sulfates  [10]),  1  g  of  potassium  iodide 
and  100  g  of  nitrobenzene  were  placed  in  a  3-liter  three -necked  flask  equipped  with  a  stirrer,  thermometer  and  re¬ 
flux  air  condenser  (length  70-75  cm)  and  boiled  while  stirring  for  20  hours.  In  the  first  10  hours  the  temperature  of 
the  reaction  mixture  was  increased  from  160  to  180*,  and  was  then  increased  to  210*  in  the  next  10  hours.  During  the 
reaction  a  further  270  g  of  bromobenzenc  was  added  in  amounts  which  allowed  the  temperature  of  the  reaction  mix¬ 
ture  to  be  kept  within  the  indicated  limits.  The  water  formed  during  the  reaction  distilled  gradually  through  the  air 
condenser.  After  the  reaction  had  ended,  the  nitrobenzene  and  the  excess  bromobenzene  were  steam  distilled.  The 
water  was  decanted  from  the  tar,  it  was  dissolved  in  1.5  liters  of  alcohol,  70  ml  of  concentrated  hydrochloric  acid 
(d  1.19)  was  added  and  the  mixture  was  boiled  for  5  hours.  The  dark-red  precipitate  which  separated  out  on  cooling 
was  filtered  and  dried.  We  obtained  265  g(69.57o  with  respect  to  3-nitroacetanilide)  of  3-nitrodiphenylamide  with 
a  m.p.  of  106-108*;  when  this  was  recrystallized  twice  from  aqueous  alcohol,  a  mby-red  crystalline  substance  with 
a  m.p.  of  113-114*  was  obtained.  In  the  literature  [4-11]  the  m.p.  is  given  as  114*. 

3 - Amlnodiphenylamine.  A  suspension  of  50  g  of  3-nitrodiphenylamine  in  350  ml  of  alcohol  was  reduced  by 
hydrogen  in  the  presence  of  30  g  of  Raney  nickel.  The  reduction  took  place  with  considerable  evolution  of  heat  by 
the  mixture.  With  an  increase  in  reduction,  the  3-nitrodiphenylamine  dissolved,  forming  a  dark  transparent  solution. 

In  2-3  hours,  almost  the  theoretical  amount  of  hydrogen  was  absorbed.  The  catalyst  was  filtered,  the  alcohol  was  dis¬ 
tilled  from  the  filtrate.  The  sirupy  residue  was  dissolved  in  10-15<7o  hydrochloric  acid  and  cooled.  The  precipitate 
which  separated  was  filtered,  washed  with  cold  water  and  dried.  We  obtained  48  g(837o)  of  3-aminodiphenylamine 
hydrochloride  (m.p.  223-225*).  After  recrystallization  from  alcohol  it  melted  at  235-236*;  the  colorless  lustrous 
needles  were  readily  soluble  in  hot  water  and  in  alcohol.  The  3-aminodiphenylamine  base,  obtained  from  the  hydro¬ 
chloride  by  treatment  with  alkali  and  recrystallizing  from  aqueous  alcohol,  melted  at  72-74*  (m.p.  76-77*  [12]). 

Methyl  ester  of  dlphenylamine-3-carbamic  acid.  22.45  g  of  3-aminodiphenylamine  hydrochloride  was  dis¬ 
solved  in  100  ml  of  alcohol  and  a  solution  of  4  g  of  caustic  soda  in  20  ml  of  alcohol  was  added.  9.5  g  and  then  a 
further  9.4  g  of  the  methyl  ester  of  chlorocarbonic  acid  was  added  dropwise  with  stirring  to  the  cooled  (10-15*)  solu¬ 
tion.  A  solution  of  10.6  g  of  sodium  carbonate  in  50  ml  of  water  was  added  dropwise  at  the  same  time  as  the  second 
portion  of  ester.  After  the  ester  and  the  sodium  carbonate  solution  had  been  added  to  the  reaction  mixture.  50  ml  of 
water  was  added  and  the  mixture  was  heated  for  1  hour,  the  temperature  being  kept  between  10  and  15*.  The  precipi¬ 
tate  which  separated  was  washed  with  a  small  amount  of  cold  water  and  dried.  We  obtained  22.8  g  (95%  with  respect 
to  3-aminodiphenylamiiie  hydrochloride)  of  unpurified  substance  with  an  m.p.  of  102-103*.  After  this  had  been  re¬ 
crystallized  twice  from  alcohol  it  melted  at  112-113*;  the  colorless  lustrous  plates  were  readily  soluble  in  alcohol  and 
soluble  with  difficulty  in  hot  water. 

Found  %;  N  11.79,  11.74.  CmH^OiNj.  Calculated  %:  N  11.56. 

Methyl  ester  of  phenothiazine-2-carbamic  acid.  2.42  g  of  the  ethyl  ester  of  diphenylamine -3 -carbamic  acid, 
0.96  g  of  sublimated  sulfur  and  a  small  iodine  crystal  were  boiled  in  4-5  ml  of  toluene  until  liberation  of  hydrogen 
sulfide  had  ceased.  The  reaction  mass  was  dissolved  by  adding  a  small  amount  of  toluene  and  boiling;  the  excess 
sulfur  was  filtered  and  a  fine  yellow  crystalline  precipitate  separated  out  when  the  filtrate  was  cooled.  After  the  pre¬ 
cipitate  had  been  filtered  and  dried,  it  melted  at  178-180*;  the  weight  was  2  g(73.5%,  calculated  on  the  initial 
ester).  Recrystallization  from  aqueous  acetone  (with  addition  of  activated  carbon)  and  then  from  alcohol  gave  fine 
lustrous  plates  with  a  very  faint  greenish  tint;  the  m.p.  was  217-218*.  The  substance  was  very  readily  soluble  in  ace¬ 
tone,  hot  toluene  and  alcohol;  it  was  almost  insoluble  in  water. 

Found  %:  C  62.31,  62.23;  H  4.41,  4.46;  N  10.46.  10.47.  CuHizOzNjS.  Calculated  %:  C  61.74;  H 4.45;  N  10.29. 
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SUMMARY 

A  new  substituted  phenothiazine,  the  methyl  ester  of  phenothiazine-2-carbamic  acid,  was  synthesized  by  sulfu 
rization  of  the  methyl  ester  of  diohenylamine-S-carbamic  acid  in  toluene. 
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The  effect  of  various  metals  on  the  decomposition  of  symmetrical  and  unsymmetrical  acyl  peroxides  has  been 
fairly  closely  investigated  [1-3].  In  the  presence  of  metals  the  rate  of  decomposition  of  the  peroxide  increases  con¬ 
siderably  and  the  temperature  barrier  of  the  reaction  Is  reduced.  Thus,  in  the  case  of  the  decomposition  of  benzoyl, 
acetylbenzoyl  and  phenacylbenzoyl  peroxides  in  a  number  of  solvents  in  the  presence  of  Na,  Zn,  Fe,  Ni,  Cu,  Hg,  Ag 
and  Pt  the  reaction  is  fully  completed  in  2-3  hours  at  room  temperature  [2],  whereas  in  the  absence  of  a  metal,  de¬ 
composition  took  several  hours  at  the  boiling  point  of  the  solvent. 

Analysis  of  the  reaction  products  showed  that  in  many  cases  the  radicals  formed  during  the  decomposition  of 
peroxides  react  with  the  metals,  giving  the  corresponding  salts.  Metal  salts  were  also  formed  during  the  decomposi¬ 
tion  of  benzene  diazo-acetate  [3]  in  the  presence  of  Zn,  Fe,  Cu  and  Hg. 

Salts  of  metals  of  variable  valence  modify  substantially  the  decomposition  mechanism  of  hydroperoxides  [4]; 
these  authors  assume  that  the  hydroperoxide  acts  as  an  oxidizer  and  a  reducer  alternately. 

ROOM  +  Mc»  — >  no  .  +  Mo»+i  -f  OII- 
ROOII  f  Mc’'+i  — ►  ROO  .  Mo”  f  ID 

Kharasch  explains  the  effect  of  cobalt  salts  on  the  decomposition  of  tertiary -butyl  hydroperoxide  in  a  similar 
way  [5].  Small  amounts  of  copper  salts  cause  a  substantial  change  in  the  mechanism  of  the  reaction  of  certain  per¬ 
oxides  with  the  solvent.  In  the  presence  of  1  mole  of  copper  chloride,  benzoyl  and  tertiary -butyl  peroxide,  tertiary - 
butyl  perbenzoate,  tertiary -butyl  hydroperoxide  and  2-cumyl  hydroperoxide  undergo  rapid  induced  decomposition  in 
solvents  in  which,  in  the  absence  of  copper  chloride,  they  undergo  slow  decomposition  in  a  1st  order  reaction,  or  are 
not  decomposed  at  all  [6]. 

The  reactions  which  certain  metal  salts  undergo  when  acted  on  by  peroxides  are  of  interest  [7].  In  the  presence 
of  small  amounts  of  acetyl  or  benzoyl  peroxide  the  decarboxylation  reaction  of  mercury  salts  takes  place  with  the 
formation  of  the  corresponding  organometallic  compounds. 

We  considered  it  of  interest  to  investigate  the  effect  of  metals  and  metal  salts  on  the  decomposition  of  per - 
oxydicarbonates  in  solutions. 

Preliminary  experiments  established  that  at  room  temperature  dicyclohexyl  percarbonate  is  not  decomposed  in 
benzene  (0.33  mole/liter)  in  the  presence  of  a  number  of  metals.  For  this  reason,  we  checked  the  effect  of  metals 
on  the  rate  of  decomposition  of  dicyclohexyl  percarbonate  in  benzene  with  heating.  Data  on  the  decomposition  of 
the  percarbonate  in  benzene  at  50*  in  the  presence  of  Pt,  Cu,  Ag,  Al,  Zn,  Ni  and  Hg  are  given  in  Table  1, 

From  the  data  of  Table  1  it  is  evident  that  in  the  presence  of  Pt  and  Cu  the  rate  of  decomposition  of  peroxide 
increases  considerably.  The  effect  of  other  metals  is  somewhat  weaker. 


*  For  communication  I,  see  [8], 
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TABLE  1.  Decomposition  of  Dicyclohexyl  Percarbonate  in  Benzene  in  the  Presence  of  Metals 
(cq  0,03  g -mole/ liter,  50°,  3  hours) 


Without 

additions 

i‘t 

cu  1 

1 

Hg 

A1 

Fe 

;  1 

Ni  1 

^'g 

Peroxide  decomposed 

r)r).25.  r>3 

KJO 

1  m 

j 

HW 

7(5,5 

77 

1  1 

66.(5 

66.2 

The  products  formed  as  a  result  of  the  decomposition  of  peroxide  in  benzene  in  the  presence  of  these  metals 
were  investigated.  It  was  previously  established  [8]  that  during  the  decomposition  of  percarbonates  in  benzene  the 
radicals  formed  as  a  result  of  the  decomposition  of  the  peroxide  do  not  detach  hydrogen  from  the  solvent,  but  are 
subjected  to  disproportionation  reactions.  Diphenyl,  which  may  be  formed  by  dimerization  of  the  phenyl  radicals 
obtained  as  a  result  of  removal  of  hydrogen  from  the  benzene  molecules,  was  not  found.  It  was  assumed  that  in  the 
presence  of  metals  the  mechanism  of  the  reaction  of  the  peroxide  with  the  solvent  may  vary;  furthermore,  it  could 
be  expected  that  products  of  the  reaction  of  RO‘  -radicals  with  the  metals  would  appear.  Data  on  the  decomposition 
of  dicyclohexyl  percarbonate  in  the  presence  of  Pt,  Hg,  Cu,  Zn  and  A1  are  given  in  Table  2. 


TABLE  2.  Products  of  the  Thermal  Decomposition  of  Dicyclo¬ 
hexyl  Percarbonate  in  Benzene  in  the  Presence  of  Metals  at  60- 
70°  (cq  0.3  g -mole/liter) 


Metal 

_ 

Decomp, 
time,  hrs. 

C,lT„OH  j  C,H,„0 

In  moles  per  mole 
of  decomposed  pero 

•-.O, 

In  mole/ 
liter 

Total  bal¬ 
ance,  tak¬ 
ing  into 
account  A,  [8] 

nonmetal 

.50 

O.'.KS 

0.245 

1.8 

91.4 

l'(. 

4 

().!»!» 

o.;5r> 

1.84 

94.9 

Cu 

4 

0.78 

0.:54 

1.78 

94.9 

7 

0.7!) 

0.42 

1.74 

— 

.M 

.s 

1.04 

(».;!() 

1.81 

95.7 

\'v 

12 

0.78 

o.:!4 

1.74 

— 

/n 

24 

1.08 

o.;57 

1.71 

— 

From  the  data  of  Table  2  it  is  evident  that  both  with  andwithout  metals  the  main  reaction  products  are  cyclo- 
hexanol,  cyclohexanone  and  carbon  dioxide.  When  the  reaction  had  ended,  an  analysis  was  carried  out  fcx  the  ions 
of  the  corresponding  metals  but  they  were  not  detected.  In  addition,  the  amount  of  metal  used  in  the  reaction  was 
checked  in  every  experiment.  The  metal  was  regenerated  completely,  and  in  the  same  form  in  which  it  was  used 
for  the  reaction.  The  solutions  did  not  become  colored  as  a  result  of  the  decomposition  of  percarbonate  in  the  pres¬ 
ence  of  metals.  Diphenyl  was  not  found  in  the  reaction  products.  Therefore,  no  changes  took  place  in  the  com¬ 
position  of  the  products  during  the  decomposition  of  dicyclohexyl  percarbonate  in  benzene  with  additions  of  metals. 
The  reaction  mechanism  of  the  decomposition  of  percarbonates  is  evidently  unchanged  in  the  presence  of  these 
metals.  The  increase  in  the  decomposition  rate  may  be  explained  by  the  fact  that  in  this  case  the  reactions  take 
place  on  the  surface  of  the  metals. 

The  presence  of  free  radicals  during  the  decomposition  of  percarbonates  in  solution  is  confirmed  by  the  de¬ 
carboxylation  reaction  of  mercuric  acetate.  The  reaction  was  carried  out  in  benzene  and  in  glacial  acetic  acid, 
preliminary  experiments  having  established  that  during  decomposition  in  the  latter,  peroxide  radicals  are  subjected 
only  to  disproportionation  reactions.  Succinic  acid,  which  could  be  formed  by  dimerization  of  the  radicals  formed 
as  a  result  of  removal  of  hydrogen  from  acetic  acid  molecules,  was  not  obtained.  Therefore  the  system  contains  no 
other  radicals  except  those  which  occur  as  a  result  of  the  decomposition  of  the  percarbonate.  It  could  therefore  be 
assumed  that  if  such  radicals  are  formed,  a  chain  reaction  of  the  decarboxylation  of  mercuric  acetate  must  take  place. 

The  decarboxylation  reaction  was  canied  out  in  solutions  of  benzene  and  glacial  acetic  acid.  Methylmer- 
curic  acetate  (in  the  form  of  methyl  mercuric  iodide),  small  amounts  of  mercurous  acetate  and  carbon  dioxide  were 
obtained.  The  results  of  the  experiments  are  given  in  Table  3. 
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TABLE  3.  Decomposition  of  Mercuric  Acetate,  Induced  by  Dicyclohexyl  Percarbonate  in  Glacial 
Acetic  Acid 


Yield  of  mercuric 

Yield  of  mercurous  acetate 

acetate 

of  mercurous  oxide 

Peroxide 

sample 

(g-mole) 

Sample  of 
mercuric 

acetate 

(g-mole) 

Relation 

temper¬ 

ature 

in  g-mole 

as  a‘7o  of  the 
initial 

amount  of 
mercury  salt 

in  g-mole 

as  a  °lo  of  the 
initial 
amount  of 
mercuT}  salt 

0.01 

0.09 

98° 

0.076 

83.2 

0.012 

12.5 

0.01 

0.09 

80 

0.057 

63 

0.016 

17.5 

As  may  be  seen  from  the  data  of  Table  3,  the  yield  of  methyl  mercuric  acetate  is  high,  being  far  more  than 
100^,  calculated  on  the  peroxide.  This  indicates  that  a  chain  radical  process,  initiated  by  percarbonate,  takes  place. 

The  decarboxylation  reaction  of  the  mercuric  acetate  was  carried  out  in  benzene;  however,  the  yield  of  the 
main  product,  methyl  mercuric  acetate,  was  low,  as  in  the  case  of  experiments  with  acetyl  and  benzoyl  peroxides  [7]. 

EXPERIMENTAL* 

Initial  substances.  Dicyclohexyl  peroxydicarbonate  was  synthesized  from  cyclohexyl  chloroformate  [9],  purified 
by  reprecipitation  from  acetone  into  water  and  was  used  in  the  reaction  as  a  lOO^o  pure  product.  The  peroxide  was 
analyzed  iodometrically  [10].  The  benzene  was  purified  by  a  known  method  [11].  Pt,  Ag,  Cu,  Ni,  Al,  Zn  and  Fe 
were  used  in  the  freshly  precipitated,  pure  [12]  form,  as  a  paste  in  benzene  or  a  dry  powder;  the  mercuric  acetate 
was  synthesized  according  to  [12], 

Rate  of  decomposition  of  dicyclohexylperoxydicarbonate  in  benzene  in  the  presence  of  metals.  The  reaction 
was  carried  out  in  sealed  ampoules  containing  10  ml  of  a  benzene  solution  of  the  percarbonate  (0.03  g-mole/liter) 
and  1  g  of  the  corresponding  metal.  The  ampoules  were  shaken  for  3  hours  at  50°.  They  were  then  frozen  in  a  mix¬ 
ture  of  dry  ice  and  acetone  and  opened;  the  metal  was  filtered  and  the  amount  of  undecomposed  peroxide  in  the  fil¬ 
trate  was  determined  iodometrically. 

Reaction  of  the  thermal  decomposition  of  dicyclohexylperoxydicarbonate  in  benzene  in  the  presence  of  metals. 
The  decomposition  of  the  dicyclohexyl  percarbonate  in  benzene  (0.3  g-mole/liter)  in  the  presence  of  metals  (1-2  g 
per  100  ml  of  solution)  was  carried  out  in  an  atmosphere  of  purified  nitrogen  at  60-70°,  with  constant  and  vigorous 
stirring.  The  reaction  was  carried  out  in  a  round -bottomed  flask,  equipped  with  a  reflux  condenser,  connected  by 
means  of  a  ground-glass  joint;  a  potash  bulb  system  with  a  30^0  solution  of  alkali  was  attached  to  the  upper  end  of 
the  condenser.  The  end  of  the  reaction  was  determined  by  carrying  out  a  test  for  peroxide. 

When  the  reaction  had  ended,  the  metal  precipitate  was  filtered,  washed  with  benzene  and  weighed.  The  ions 
of  the  corresponding  metals  in  the  filtrate  were  determined  [13].  The  benzene  was  distilled  from  the  filtrate,  the 
residue  was  weighed  and  was  analyzed  for  cyclohexanol  content  [14]  and  cyclohexanone  [15].  The  latter  was  iden¬ 
tified  as  the  2,4-dinitrophenylhydrazone  (m.p.  162°;  a  mixed  melt  showed  no  depression  of  the  melting  point).  After 
samples  had  been  taken,  the  residue  was  steam  distilled.  Diphenyl  was  not  found.  The  amount  of  CO^  was  deter¬ 
mined  by  the  increase  in  weight  of  the  potash  bulbs. 

Decomposition  reaction  of  dicyclohexyl  peroxydicarbonate  in  glacial  acetic  acid.  3  g  of  dicyclohexyl  per- 
carbohate  in  20  ml  of  CH3COOH  was  added  in  small  amounts  to  25  ml  of  CH3COOH,  heated  to  90°.  After  all  the 
peroxide  had  been  added,  heating  was  continued  for  another  2  hours.  During  this  period  the  peroxide  decomposed 
completely.  The  main  part  of  the  acetic  acid  was  distilled  from  the  reaction  mixture  at  44-45°  (45  mm).  After 
the  acetic  acid  had  been  driven  off,  the  residue  was  left  overnight.  Crystallization  was  not  observed.  The  mixture 
was  treated  with  a  concentrated  soda  solution.  Succinic  acid  was  not  precipitated  when  the  soda  solution  was  acidified. 
Since  decomposition  took  place  very  vigorously,  in  some  experiments  the  temperature  was  reduced  to  55°.  However, 
in  this  case  we  did  not  succeed  in  precipitating  succinic  acid. 

•  I.  K.  Potatueva  took  part  in  the  work. 
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Reaction  of  dicyclohexyl  pcroxydicarbonate  with  mercuric  acetate  in  glacial  acetic  acid.  29.4  g  (0,086  mole) 
of  the  mercuric  acetate,  3  g  (0,01  mole)  of  percarbonate,  115  ml  of  glacial  acetic  acid  and  2  ml  of  acetic  an¬ 
hydride  were  placed  in  the  reaction  flask.  The  reaction  was  carried  out  at  80  and  98*.  The  end  of  the  reaction  was 
determined  by  testing  for  peroxide.  The  reaction  last  1  hour;  when  it  had  ended,  the  solution  was  separated  on  a 
Buchner  funnel  from  the  white  flaky  precipitate  formed  during  the  reaction.  The  precipitate  was  difficultly  soluble 
in  water,  Insoluble  in  alcohol,  and  gave  quantitative  reactions  for  the  Hg2'*'‘*‘  ion  [13],  When  an  attempt  was  made 
to  determine  the  melting  point,  the  crystals  decomposed  at  183-185*.  The  precipitate  was  identified  as  mercuric 
acetate. 

After  the  mercuric  acetate  had  been  separated,  the  filtrate  was  diluted  with  water  and  a  fine -crystalline  pre¬ 
cipitate,  which  was  identified  as  methyl  mercuric  iodide,  was  precipitated  from  it  by  a  KI  solution.  The  m.p.  was 
145*;  a  mixed  melt  with  pure  methyl  mercuric  iodide  showed  no  depression  of  the  melting  point. 

SUMMARY 

1.  Additions  of  metals  accelerate  the  decomposition  of  dicyclohexyi pcroxydicarbonate  in  solution.  Such 
additions  do  not  change  the  reaction  mechanism  of  decomposition. 

2.  Dicyclohexylperoxydicarbonate  induces  a  chain  reaction  of  decarboxylation  of  mercuric  acetate. 
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The  investigation  of  the  absorption  spectra  of  mercapto-pyridone  derivatives  and  their  oxygen  analogs  is  of 
interest  from  both  the  theoretical  and  the  practical  aspect.  The  chemical  and  physicochemical  properties  of  com¬ 
pounds  of  this  group  are  mainly  explained  satisfactorily  within  the  limits  of  present  theories;  however,  there  are  still 
a  number  of  unsolved  problems  concerning  the  molecular  structures  of  these  substances.  As  regards  spectroscopic  in¬ 
vestigations,  data  are  either  incomplete  or  of  an  unsystematic  character. 

The  absorption  spectra  of  hydroxypyridones  and  their  derivatives  have  been  investigated  repeatedly,  both  in 
the  infrared  and  ulttaviolet  regions  of  the  spectrum  [1-5],  These  investigations  showed  that  in  neutral  media,  2- 
and  4-pyridones  have  the  structure  of  pyridones.  According  to  x-ray  structural  data  [6],  crystalline  2-pyridone  has 
the  same  structure.  However,  chemical  investigations  showed  that  the  C  =  O  group  of  pyridones  does  not  have  a 
clearly  expressed  ketonic  character  and  is  more  similar  to  carbonyls  of  amides.  For  this  reason  it  is  assumed  that 
the  structure  of  pyridones  is  intermediate  between  the  pyridone  and  bipolar  type. 

The  chemical  properties  of  thiopyridones  are  a  more  positive  indication  of  the  thioketonic  character  of  the 
C  =  S  group  [7].  An  x-ray  investigation  of  2 -thiopyridone  [8]  also  indicates  that  it  has  a  thionic,  not  a  thiolic  struc¬ 
ture.  There  is  some  confirmation  of  this  in  spectroscopic  investigations  [9-11],  but  unfortunately  the  number  of  such 
investigations  is  still  limited. 

Two  reports  on  the  investigation  of  ultraviolet  absorption  spectra  of  thiopyridones  and  their  derivatives  have 
been  published.  Ross  [10]  showed  that  the  absorption  spectra  of  solutions  of  4 -thiopyridone  in  the  220-400  mp  region 
agree  with  the  thionic  structure  of  its  molecule.  In  an  alcoholic  solution  of  4 -thiopyridone  he  observed  bands  with 
maxima  near  220-225,  297  and  341  mp .  In  [11]  Jones  Katritzky  investigated  the  absorption  spectra  of  2-  and  4- 
thiopyridones  and  their  methyl  and  benzyl  substituents  in  the  near  ultraviolet  region,  in  connection  with  the  prob¬ 
lem  of  the  basicity  of  these  compounds.  The  authors  limited  their  investigation  to  absorption  spectra  in  acid  and 
basic  media  only,  with  use  of  phosphate  buffers.  The  complex  character  of  the  investigated  mixtures  and  the  dif¬ 
ferences  in  the  solution  concentrations  and  pH  values  impede  the  interpretation  of  the  measurement  results  and,  in 
the  authors'  opinion,  are  the  cause  of  the  erroneous  allocation  of  the  absorption  bands.  Nevertheless,  as  indicated  by 
Jones  and  Katritzky,  their  data  also  confirm  the  thionic  structure  of  2-  and  4-thiopyridones. 

In  the  present  work  the  ultraviolet  absorption  spectra  of  solutions  of  2-  and  4-mercaptopyridines  and  a  number 
of  their  derivatives  (the  synthesis  of  the  substances  will  be  described  in  another  report)  were  investigated.  The  ab¬ 
sorption  spectra  were  obtained  by  means  of  an  SF-4  spectrophotometer.  The  error  of  the  determination  of  X^ax  is 
5  A.  The  mean  error  of  measurements  of  \ max  is  1.5®7o.  All  the  substances  were  carefully  purified  by  distillation 
or  crystallization.  The  spectra  were  measured  in  alcoholic  solutions. 

In  general,  the  data  obtained  agree  satisfactorily  with  the  results  of  measurements  obtained  by  Ross  and  by 
Jones  and  Katritzky,  although  a  direct  comparison  with  the  latter  work  is  difficult  in  view  of  the  differences  in  the 
measurement  conditions. 

As  may  be  seen  from  the  data  of  table  and  figure,  the  absorption  spectra  in  the  200-400  m/i  region  of  each  of 
the  investigated  compounds  consists  of  two-three  intense  bands.  It  is  readily  noted  that  all  the  observed  spectra  are 
clearly  divided  into  four  types  (the  names  are  conventional). 
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Maxima  of  Absorption  Bands  of  Alcoholic  Solutions  of  Mercaptopyridlne  Derivatives  in  the 
200-400  mfi  Region 


No.  of 

curve  Type  of  com- 
in  fig.  pound 


Name  of 
compound 


2-Mercapto- 
pyridine  type 


V'^SR 

4-  Mercapto- 
pyridone  type 


)  V  I 

)  2-Thiopyridinc 

I  type 


4-Thiopyridor 

type  „ 


CH,CH,cooH  B-carboxyethyl 

(2-pyridyl)  sul- 

^ieSiyl  (2-pyrid' 

r.H.CH,CN  ^l^cylSJ^thyl- 

(2-pyridyl)  sul¬ 
fide 

CH,GH,CN  6-Cyanoediyl- 

cii,CH(CH.icoor.ii. 

-p^idyl;  sulfide 

N-(0  -cyano- 
CHjCH.CN  ethyl)-2-thio- 

pvridone 

CH.CH,cooH  ^.(0.carboxy- 

ethyl)-2-tiiio- 
pyridone 

H  2-Thiopyridone 

CH,  N-Melhyl-2- 

-tiiiopyridone 

CH,CH(CH,)C00CH,  N(8 -Carbometh 
oxypropyl)-4- 
-tiiiopyridone 
H  4-Thi(myridone 

CH,CH,CN  N-(6-cyano- 

etiiyl)-4-thio- 
1  pyridone 


CH,GH,CN 


GH,CH(GH,)COOGH 


CHjGH.CN 

GH.CHjCOOH 


^  max  (in  m  fi 
Solution  in  liter* 

cone.  •mole"tcm"t, 
(m)  10*) 


0.014  248.8(9.5)291.0(4.3) 

,  0.030  249.0  292.5 

0.030  245.0  287.5 


H 

CH,CH,CN 


0.015  215.5(9.4)260.0(12.9) 

341.5 

0.015  216  263  341 


0.030  200  *  286.0(10.3) 

361.5  (.5.8) 

0.027  200  *  287.5(8.2) 

358.5  (4.7) 

0.010  200  *  284.0(12.1) 

360.0  (5.75) 

0.010  210(8.7)  284.0(11.0) 

355.0  (6.0) 

0.010  233.0(6.3)348.2(23.3) 


0.01 0  231.016.9)338.2(17.4) 

0.030  233.0(6.6)349.0(26.2) 


•  The  longwave  portion  of  the  absorption  band  was  measured. 

1.  The  2 -mercaptopyridlne  type.  This  is  characterized  by  two  intense  bands:  245-250  mpCe^lO*)  and  287- 
-293  m)i(€~4*  10*).  The  thud  band  has  a  maximum  below  200  mp  (the  longwave  portion  was  measured  in  part). 

2.  '^e  4 -mercaptopyridlne  type.  Characterized  by  three  bands:  215-216  m/i  (e  ^  10^,  260-263  m/i  (e  ~ 
~  1.3  •  10^  and  340-342  mji  (e  ~  500). 

3.  The  2 -thiopyrldone  type.  Characterized  by  three  bands:  one  at  about  200  mfi  (e  Is  evidently  of  the  order 
of  10^;  the  longwave  portion  was  measured);  two  others  at  283-286  mji  (e  ~  10^  and  355-363  mp  (e  ~  5  •  loi*). 

4.  The  4-thiopyridone  type.  Characterized  by  the  following  bands:  231-238  m/i  (e  ~  6-7  •  lOi*)  and  338- 
350  mfi  (6  ~  2  •  10^;  the  third  band  has  a  maximum  at  about  200  mfi  (the  longwave  portion  was  measured). 

The  very  satisfactory  agreement  of  the  spectra  of  compounds  belonging  to  the  same  type  is  noteworthy.  This 
Indicates  that  the  spectral  picture  is  determined  mainly  by  the  point  of  substitution,  but  that  tiie  character  of  the 
substituent  does  not  have  an  important  effect  on  the  position  and  intensity  of  the  absorption  band.*  Although  this 
conclusion  is  not  unexpected,  it  has  not  been  corroborated  previously  for  this  class  of  compound. 


•  A  similar  conclusion  for  alkyl  pyridines  was  drawn  in  [12]  by  Podall. 
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cohol.  For  curves  2,  3  and  5  the  value  D  =  log  (lj/1)  is  plotted  on  the 
ordinate. 


Both  the  position  and  the  intensity  of  the  main  absorption  bands  of  compounds  of  the  1st  and  2nd  types  indicate 
that  ^e  pyridine  ring  of  these  compounds  basically  retains  its  aromatic  character,  but  that  differences  in  the  elec¬ 
tronic  structure  of  the  ring  (deformations  of  the  electron  shell)  are  shown  in  displacements  of  the  bands  and  a  cer¬ 
tain  change  in  their  intensities.  The  absorption  bands  of  substances  of  the  3rd  type  (2-thiopyridone  type)  are  dis- 
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placed  considerably  with  respect  to  bands  of  the  1st  type,  which  is  undoubtedly  due  to  serious  changes  in  the  electron 
structure  of  the  pyridine  ring.  However,  another  fact,  which,  in  our  opinion,  is  no  less  important,  should  be  noted: 
the  undoubted  similarity  in  the  general  character  of  the  absorption  curves  (intensity,  the  half-width  of  the  bands,  the 
form  of  the  outlines)  of  compounds  of  the  1st  and  3rd  types.  In  the  present  case  this  similarity  is  evidently  explained 
by  the  fact  that  the  basic  structural  characteristics  of  the  pyridine  ring  are  retained  for  compounds  of  the  2-thlo- 
pyrldone  type,  although  a  certain  displacement  towards  the  thionic  structure  takes  place  as  a  result  of  the  influence 
of  the  C  =  S  group.  In  turn,  the  C  =  S  group  does  not  have  a  thioketonic  character,  but  evidently  has  a  structure 
Intermediate  between  the  limiting  cases  of  thioketonic  and  bipolar  structures. 

The  absorption  spectra  of  the  4th  group  of  compounds  (4-thlopyridone  type)  are  completely  different  from  those 
described  above.  Here,  the  very  intense  band  in  the  340-350  mp  region  (e  ~  18-26  •  10®)  is  primarily  noteworfriy. 

The  presence  of  this  band  may  be  interpreted  in  one  way  only:  the  pyridine  ring  of  compounds  of  the  4-thlopyridone 
type  (in  alcoholic  solutions)  loses  its  aromatic  character.  The  intense  longwave  band  indicates  that  molecules  of 
these  compounds  have  a  thioquinoid  structure.  Naturally,  the  presence  of  a  heteroatom  in  the  ring  is  bound  to  leave 
its  mark  on  the  molecular  structure;  here,  too,  a  certain  displacement  towards  the  bipolar  structure  may  probably 
occur.  Nevertheless,  there  is  no  doubt  that  the  thioketonic  character  of  the  C  =  S  group  must  be  expressed  far  more 
markedly  for  4-thiopyridone  derivatives  than  for  2-thiopyridone  derivatives.  All  this  is  obviously  also  true  for  2- 
and  4-thiopyridone  themselves. 

It  is  interesting  to  note  that  in  solutions  of  certain  compounds  of  the  4th  group  (for  example,  N-(6-carbo  - 
methoxypropyl)-4-thiopyridone),  a  290  mp  band  and  a  prominence  at  240  mp  appear  with  an  increase  in  concen¬ 
tration.  This  is  probably  due  to  the  presence  of  ionic  forms  in  die  solution.  The  297  mp  band  observed  by  Ross  in 
an  alcohol  solution  of  4-thiopyridone  has  the  same  origin. 

SUMMARY 

1.  The  absorption  spectra  of  alcoholic  solutions  of  twelve  compounds  -2-  and  4-thlopyrldone  and  their  deriva¬ 
tives  -  in  the  200-400  mp  region  were  measured  (eight  of  them  for  the  first  time). 

2.  It  was  shown  that  in  the  absence  of  conjugation  between  the  substituent  and  the  pyridine  ring,  the  character 
of  the  spectrum  is  determined  mainly  by  the  point  of  substitution  and  is  independent  of  the  t)^e  of  substituent. 

3.  It  was  established  that  there  is  a  marked  difference  between  the  spectra  of  4-thlopyridone  and  its  deriva¬ 
tives  and  the  spectra  of  the  other  compounds;  this  indicates  friat  there  are  serious  differences  in  the  electron  structure 
of  both  the  pyridine  ring  and  the  C  =  S  groups  in  these  compounds  and  compounds  of  the  2-thiopyridone  type  (dis¬ 
placement  towards  a  thioquinone  structure). 
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LETTERS  TO  THE  EDITOR 


A  NEW  TYPE  OF  CONDENSATION  OF  2-HYDROXY- 
2.5-  DIHYDROFURANS 

V.  I.  Serkova,  A.  A.  Antonova,  and  E.  D.  Venus -Danilova 

Lensovet  Leningrad  Technological  Institute 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  9, 
pp.  3141-3142,  September,  1961 
Original  article  submitted  May  28,  1961 


Continuing  our  investigation  of  conversions  of  pinacones  with  substituted  acetylene  radicals  [1],  we  studied  the 
action  of  25^  sulfuric  acid  on  unsymm.  dimethyl-phenyl-allylenylethylene  glycol  (2 -methyl-3 -phenyl-hexine-4- 
2,3-diol)  (I)  with  heating.  During  this  investigation,  two  substances  were  isolated. 

1)  A  diene  ketone  -  2-methvl-3-phenvlhexa-1.3-diene-5-one  (Il)-a  mobile  light -yellow  liquid  of  pleasant 
odor,  with  a  b.p.  of  78-80“  (2.5  mm),  n^  1.5130. 

Found  C  83.58;  H  8.02.  M  172.  CbHmO.  Calculated  *70:  C  83.87;  H  7.52.  M  186. 

Infrared  spectrum:  1685  (conjugated  carbonyl  group);  1596  (conjugated  diene  bonds);  954  (isopropenyl  group); 
913,  971  cm"*  (methylene  group). 

The  2,4-dinitrophenylhydrazone  is  yellow-orange;  the  m.p.  is  155-157“  (from  alcohol). 

Found  N  15.70.  CjsHisO^N^.  Calculated  °Jo:  N  15.30. 

2)  A  triene  y  -keto  alcohol  -  2,7-dimethyl-3,9-diphenylnona-3,6,8-triene-2-ol-5-one  (III)  -  a  very  viscous 
yellow-red  liquid  with  a  b.p.  of  134-136“  (0.8  mm),  nU  1.5832. 

Found  *70:  C  83.17;  H  7.60;  OH  0.22.  M  326.  C23H24pi.  Calculated  “Vo:  C  83.10;  H  7.60;  OH  0.30.  M  332. 

Infrared  spectrum:  1650  (conjugated  carbonyl  group);  3375  and  3420  cm"*  (associated  hydroxyl  group). 

The  2,4-dinitrophenylhydrazone  is  yellow,  the  m.p.  is  223“  (from  glacial  acetic  acid). 

Found  C  67.95;  H  5.79;  N  10.95.  C29H2805N4.  Calculated  "/o;  C  67.97;  H  5.51;  N  10.94. 


cH,=c_c=cii-co-rn3 
CII3  \c=c— cii.,  cii3(;uii5 

(I)  (11) 


CAiy 


Ncoii— (:=cii— CO— c;ii=c-cii=cii-CfiHr 


CnIC 


Cli. 


(HI) 


The  formation  of  compounds  (II)  and  (III)  may  be  explained  by  the  conversion  of  the  acetylene  a  -glycol  (I) 
by  sulfuric  acid  to  2,5 -dihydrofury lium  sulfate,  which  as  a  result  of  partial  hydrolysis  forms  free  hydroxydihydrofuran 
(2,5,5-trimethyl-4-phenyl-2-hydroxy-2,5-dihydrofuran,  M  204).  This  hydroxydihydrofuran  is  converted  to  the  tauto¬ 
meric  form  of  the  ethylene  y  -keto  alcohol,  which  changes  in  two  directions:  as  a  result  of  dehydration  the  diene 
ketone  (II)  isolated  by  the  authors  is  obtained,  while  with  ketone  splitting,  benzalacetone  is  obtained. 

Taking  into  account  the  increased  mobility  of  the  hydrogen  atoms  of  a  methyl  group  in  the  a -position  in  2,5- 
dihydrofurylium  salts  and,  therefore,  the  capacity  of  these  substances  to  condense  with  carbonyl  compounds,  it  may 
be  assumed  that  dlhydro  fury  lium  sulfate  reacts  with  benzalacetone  and  that  the  corresponding  salt  of  the  condensation 
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product  -  substituted  2 -hydroxy -2,5 -dihydrofuran  (M  332)  -  is  formed.  When  the  reaction  mixture  is  neutralized,  the 
tautomeric  form  of  this  hydroxydihydrofuran,  i.e.,  triene  y  -keto  alcohol  (111),  is  precipitated. 

The  ozonolysis  products  -  acetone,  dimethylbenzoyl  carbinol,  acetic,  benzoic,  pyroracemic  and  oxalic  acid  - 
confirmed  the  proposed  structure  of  this  y  -keto  alcohol  (III). 

Similar  condensations  for  salts  of  hydroxyphthalanes  [2]  and  for  pyrilium  salts  [3]  are  described  in  the  liter¬ 
ature. 

Therefore,  in  addition  to  previously  investigated  condensation  of  2 -hydroxy -2,5 -dihydrofurans  by  the  active 
hydroxyl  group  with  compounds  containing  mobile  hydrogen  atoms  [4],  we  discovered  a  new  type  of  condensation  by 
way  of  example  of  2,5,5-trlmethyl-4-phenyl-2-hydroxy-2,5-dlhydrofuran,  which  takes  place  in  an  acid  medium  as 
a  result  of  the  mobile  hydrogen  atoms  of  the  methyl  group  in  the  position  of  the  2 -heterocyclic  group. 
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REACTION  BETWEEN  THE  OXIDE  OF  ERUCIC  ACID 
METHYL  ESTER  AND  ACETIC  ACID 


I.  L.  Kuranova,  Yu.  D.  Shenin,  and  G.  V.  Pigulevskii 

A.  A.  Zhdanov  Leningrad  State  University 

Translated  horn  Zhurnal  Obdichei  Khimii,  Vol.  31.  No.  9, 
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Original  article  submitted  May  25,  1961 


We  have  established  that  when  the  oxide  of  erucic  acid  methyl  ester  reacts  with  glacial  acetic  acid  a  mixture 
of  the  methyl  esters  of  13 -hydroxy- 14 -acetoxy  and  14 -hydroxy -13 -acetoxybehenic  acid,  with  an  m.p.  of  53-54",  is 
formed. 

A  mixture  of  the  methyl  esters  of  hydroxyacetoxybehenic  acids  was  acted  on  by  phosphorus  pentabromide,  with 
subsequent  formation  of  the  corresponding  methyl  esters  of  bromoacetoxybehenic  acids.  By  elimination  of  bromine  a 
mixture  of  the  methyl  esters  of  acetoxybehenic  acids  was  obtained;  this  was  chromatographed  on  neutral  aluminum 
oxide  of  3  activity.  As  a  result  we  obtained  65®^  of  die  methyl  ester  of  13 -acetoxybehenic  acid  with  an  m.p.  of  13- 
14*  and  35^  of  the  methyl  ester  of  14 -acetoxybehenic  acid  with  an  m.p.  of  15-15.5®.  The  position  of  the  acetoxy 
groups  was  proven  by  saponification  of  the  methyl  esters  of  acetoxybehenic  acids  and  by  comparison  of  the  proper¬ 
ties  of  hydroxybehenlc  acids  with  the  properties  of  known  13 -hydroxy  and  14-hydroxybehenic  acids. 

Therefore  it  was  established  that  when  the  oxide  of  this  ester  reacts  with  glacial  acetic  acid,  the  rupture  of  the 
oxide  ring  takes  place  in  two  directions,  primarily  on  the  side  of  the  (2  ;  1)  ester  group. 
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DETERMINATION  OF  THE  STRUCTURE  OF  ABIENOL 

G.  V,  Pigulevskil ,  V,  G,  Kostenko,  and  L.  D.  Kostenko 

A.  A.  Zhdanov  Leningrad  State  University 

Translated  from  Zhurnal  Obshchel  Khimii,  Vol.  31,  No.  9, 

p.  3143,  September,  1961 

Original  article  submitted  April  6,  1961 


In  1959  we  found  that  in  spite  of  the  data  of  Wlenhaus  and  Mucke  [2],  the  formula  CiqHi/)  must  be  attributed 
to  abienol  and,  therefore,  abienol  hydrate  must  have  the  formula  C^o^asOi. 

As  a  result  of  further  investigations  we  obtained  tetrahydroabienol  with  die  formula  C|oHs|0:  m.p.  48.5-49.5* 
and  [a]D  -10.28*. 

By  dehydration  of  the  latter  we  obtained  tetrahydroabiene  Dehydrogenation  of  tetrahydroablene  by 

means  of  selenium  gives  an  aromatic  hydrocarbon,  1,5,6 -trimethylnaphthalene  OV),  characterized  by  the  picrate 
with  m.p.  137-139*. 

As  is  known  [3,4],  this  hydrocarbon  (IV)  was  obtained  from  sclareol  (I)  and  from  manool  oxide  (II)  by  dehy¬ 
drogenation  by  means  of  selenium.  Abienol  evidently  has  a  structure  similar  to  that  of  the  above-mentioned  com¬ 
pounds. 

Our  proposed  formula  for  abienol  (III)  takes  into  account  the  presence  of  a  conjugated  system  of  double  bonds, 
a  vinyl  group  and  a  tertiary  hydroxyl. 
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ADDITION  OF  COMPOUNDS  OF  TRIVALENT  PHOSPHORUS 
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In  a  number  of  investigations  by  our  laboratory  it  was  shown  that  1,3 -diene  hydrocarbons  add  halogen  derivatives 
in  the  presence  of  Gustavson  catalysts  [1].  We  established  that  these  catalysts  assist  the  addition  of  compounds  of  tri- 
valent  phosphorus,  containing  a  P~C1  bond,  to  1,3-dienes. 

Thus,  for  example,  when  divinyl,  isoprene,  piperylene  and  chloroprene  were  heated  with  the  acyl  chloride  of 
propylene  glycol  phosphorous  acid  to  100-120*  in  the  presence  of  zinc  chloride,  the  corresponding  addition  products 
were  obtained  with  a  yield  of  up  to  65^o.  in  contrast  to  reactions  with  halogen  derivatives,  telomerizatlon  was  not 
observed  in  this  case. 

Addition  product  of  CsHgO^PCl  and  dlvinyl  (1). 

B.p.  147-148*  (10  mm),  d^®  1.2369,  njy  1.4978,  MR  46.03;  calc,  46.47. 

Found  ^o;  C  43.23,  43.27;  H  6.33,  6.38;  P  15.75,  15.80;  Cl  18.34,  18.27.  CtHbOjPCI.  Calculated  ‘Vo;  C  43.16; 
H  6.16;  P  15.92;  Cl  18.24. 

Addition  product  of  CsH^O^PCl  and  isoprene  (11). 

B.p.  155-156*  (10  mm),  dj®  1.1881,  np  1.4948,  MR  51.17;  calc.  51.09. 

Found  C  46.37,  46.48;  H  6.80,  6.74;  P  14.87,  14.67;  Cl  16.91,  16.98.  C8Hi4piPCl.  Calculated  C  46.06; 

H  6.70;  P  14.87;  Cl  17.00. 

Addition  product  of  CsH^O^PCl  and  piperylene  (III). 

B.p.  144-146*  (10  mm),  d^®  1.1850,  nJJ  1.4908,  MR  50.94;  calc.  51.09. 

Found  C  45.85,  45.87;  H  6.86,  6.79;  P  15.10,  15.05;  Cl  17.04,  17.10.  C8Hi40fePCl.  Calculated  c  46.06; 

H  6.70;  P  14.87;  Cl  17.00. 

Addition  product  of  CjHfiO^PCl  and  chloroprene  (IV). 

B.p.  169-170*  (10  mm),  d^®  1.3327,  ng  1.5130,  MR  51.62;  calc.  51.37. 

Found  *70:  C  36.98,  36.76;  H  5.00,  4.94;  P  13.47,  13.31;  Cl  31.17,  31.14.  CTHuOfePCla.  Calculated  C  36.67; 
H  4.80;  P  13.53;  Cl  30.96. 

All  the  addition  products  are  resistant  to  atmospheric  oxygen,  do  not  add  sulfur,  do  not  react  with  CueClg,  and 
add  only  one  mole  of  bromine  (at  the  double  bond),  i.e.,  they  are  derivatives  of  pentavalent  phosphorus  -  esters  of 
dialkyl  phosphinic  acids.  The  atcxnic  refraction  of  phosphorus  in  these  compounds  is  about  4.8,  and  not  8.5  as  in 
esters  of  dialkyl  phosphinous  acids.  Arbuzov  regrouping  [2]  evidently  takes  place  during  the  addition  process.  Since 
the  addition  products  give  a  negative  result  for  primary  chlorine  by  the  Sommle-L^ets  method  [3],  they,  like  addi¬ 
tion  products  of  PCI5  [4],  are  evidently  formed  by  1,2 -addition. 

In  the  infrared  spectra,  the  1622  (I),  1644  (II),  1610  OD)  and  1624  (IV)  cm"^  bands  correspond  to  the  double 
bond,  and  bands  up  to  3051  cm"^  to  CH  valence  vibrations,  which  also  indicates  the  presence  of  end  double  bonds. 
Very  intense  bands  of  about  1250  cm"^  correspond  to  the  P  =  O  group.  The  900-1000  cm“^  region  could  not  be  used 
for  determining  the  structure  because  of  the  superposition  of  the  ring  frequencies. 
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Continuing  our  investigations  in  the  field  of  catalytic  acylation  of  organic  compounds  an  anhydrides  of  car¬ 
boxylic  acids  in  the  presence  of  perchloric  acid  [1],  we  found  that  the  acyl  chlorides  of  carboxylic  acids,  which  are 
more  readily  obtainable,  may  be  used  as  acylating  agents.  The  reaction  probably  takes  place  according  to  the  fol¬ 
lowing  mechanism,  via  stage  of  formation  of  acyl  perchlorates,  which  are  also  acylating  agents. 

ncoci4-Hci04  — ►  incoi+ci07--i-Hci 
R'  -  H  -I-  (ncoi+c;i07  — ►  r'COr  +  iicio^ 

Acylation  by  acyl  chlorides  of  carboxylic  acids  takes  place  readily  when  the  components  are  boiled  for  a  brief 
period  in  the  presence  of  small  catalytic  amounts  of  perchlcxic  acid.  In  this  way  we  obtained  2,4,6-trimethylaceto- 
phenone  (25^o),  p-medioxyacetophenone  (IT^),  p-methoxybutyrophenone  (54P!^>),  p-ethoxyproplophenone  (36*^^),  2- 
acetothlenone  (52*^)  and  other  ketones. 

The  investigation  is  being  continued. 
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FIAN 

GDI 

GITI 

GITTL 

GONTI 

Gosenergoizdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEHZhT 

LET 

LETI 

LETIIZhT 

Mashglz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

NH  ZVUKSZAPIOI 

NIKFI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNHM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR 
Water  Power  Inst. 

State  Sci. -Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci. -Tech.  Press 

State  Power  Press 

State  Chem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  Press 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci. -Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modern  Motion  Picture  Photography 
United  Sci.  -  Tech.  Press 
Division  of  Technical  Information 
Div.  Tech.  Sci. 

Construction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab. -Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-Union  Intt.  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Metrology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


NOTE:  Abbreviations  not  on  this  list  and  not  explained  in  the  translation  have  been  transliterated,  no  further 
information  about  their  significance  being  available  to  us.  -Publisher. 
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